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Young Algebraiſt's Companion; 


o R, 
A NEW and EASY GulpE to 


A I. G E B R A; 


Introduced by the Doctrine of 


VULGAR FRACTIONS: 
Deſigned for the Uſe of Schools, and ſuch who, 


by their own Application only, would become ac- 
quainted with the Rudiments of this noble Science; 
Illuſtrated with 


Variety of numerical And literal Examples, and at- 
tempted in natural and familiar Dialogues, in order 
to render the Work more eaſy and diverting to thoſe 


that are quite unacquainted with Fractious and the 
Analytic Art. 
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To the Au r Ho of the VouNG ALGE- 
BRAIST's COMPANION, Ge. 


SIX, 
N BLEE is Nothing can give a greater Satis- 


faction to a Lover of the Sciences, than to ſee 
them handled in a clear and maſterly Manner; and 
that every Attempt to remove Difficulties, and clear 
up the Obſcurities of any knotty Part of Science (ſo 
as to level it to the Capacities of Youth, and at the 
ſame Time to make it pleaſing as well as inſtructing) 
mult be allowed, by all, to be a difficult Taſk. Give 
me Leave therefore to thank you for the laudable 
Pains you have taken in your VouN ALGEBRAIST'S 


CoMPANIoN, wherein you have made that which 


was hard and difficult, plain and eaſy to be under- 
ſtood, and at the ſame Time, have wrote it in ſo 
engaging a Manner, that the moſt inattentive 
Peruſer muſt receive at once both Pleaſure and In- 
formation, I am, 


SIX, 
Your unknown Friend 
Towrn-Royar 
Apt awd and humble Servant, 
1750. 


SAMUEL HILL; 
| Philom. 


N. B. The Author has had ſeveral ſuch friendly Let- 


ters as this, from other Strangers, in the City and 


Country, 
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E whoſe Names are here under- 

written, having each of us peruſed 
the following Sheets, do allow the Dialogues 
and Demonſtrations to be very natural, and 
eaſily adapted; and therefore beg Leave to 
recommend the Work, as one of the plaineſt 
and beſt ſuited to the Capacities of young 


Beginners extant. 


AnTHony GILBERT, 

PETER Dennis, Surveyor, 

SaMuEL HILL, Philom. 

Tromas HumPnREYSs, 

TimoTany LaxcLty, Accomptant, 

Joseen Stursox, Teacher of the Mathematics, 
Jon ReeTon, Superviſor, 


ABRAHAM DE LIRE, Teacher of the Mathe- 
matics, 


Jon QuanT, Writing. Maſter and Accomp- 
tant, 


Greorce ColL Es, Land-Surveyor, 
RichARD RICHARDSON, 

ER AaSsMus TURNER, 

ZaCHARIAH ONAPER, Accomptant. 
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DEDICATION. 


To the Honourable the Governors and Directors of the 
Royal Exchange Aſſurance Company. 


GENTLEMEN, 
I. being not only a common, but a very juſt Ob- 


ſervation, that the Generality of Dedications are 
carried to too high an Extreme of flattering Enco- 
miums, I perſuade myſelf you will the more readi- 
ly accept of one in a plain Dreſs only, as I am ſen- 
fible it is no Ways agreeable to your Honours to be 
flattered, 

When ſolicited by ſeveral Gentlemen in Town 


and Country to publiſh the following Tract, I was 


not long conſidering at whoſe Feet to lay it: The 
Preſumption indeed was ſo great, that though the 
Thoughts of former Favours in ſome Meaſure en- 
couraged me, yet it was with Reluctance I preſumed 
to beg this; and your permitting me to ſend it 
Abroad under ſuch Protection, makes it difficult to 
ſay which is greater, the Honour, or the Kindneſs 
you have done me, fince from the One I ſhall na- 
turally reap the Benefit of the Other, 

Even Books of common Arithmetic only have ſel- 


dom wanted Patronizers, but Gentlemen of the 


firſt Claſs have more eſpecially condeſcended to pro- 
tect and maintain the more ſuperior Parts of Mathe- 
 matical Learning, not only from the Pleaſure and 
Satisfaction that ariſes even from the very ſpeculative 
Knowledge of them, but by being ſo ufeful in exer- 
ciling the Faculties, and bringing the Mind into a 
juſt and proper Method of Reaſoning, were always 


A 3 thought 
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vi DEDICATION. 


thought worthy the Study of the beſt of Men, are 
eſteemed as pretty Decorationsand Accompanyments 
to other Branches of Learning, and for Want of 
which, Education is always counted Something the 
leſs complete. 

It is ſuperfluous indeed to mention this, ſince it 


is evident your Hamurs were ſenſible of the Truth 


of it, from your Readineſs to promote a Work wrote 
by one who at beſt profeſſes himſelf but a Novice in 
the thorough knowledge of this extenſive Study : 
So that your Love for Arts and Sciences is the more 
conſpicuouſly ſeen, and you will appear upon the 
Lift with thoſe worthy Patriots, whofe Generoſity 
and Benevolence prompt them daily to ſupport and 
encourage all Sorts of Literature, 

As I am 1 * your Honours expect Nothing 
from me but Thanks and Duty, the firſt I mot 
humbly return; and as I am conſcious I have hi- 
therto been faithful and diligent in your Service, I 
hope I ſhall always endeavour, to the beſt of my 
Abilities, to continue ſo, in due Senſe of the many 
Kindneſſes I have received from you. 

T hat the ſame kind Providence that recommended 
me to your Fnors Favour, may continue to each 
Member the Bleſſing of Health, and that of Prof- 
perity to the Company in general, is, without Doubt,, 
the hearty Deſire of many; but of none more than, 


G.ntlemen, Your Honours moſt oblig'd, 


and obedient humble Servant, 


D. FENNING. 


L 1nd. March 25, 
175. 


nF DE 


„„ 


) 


To the Scuoor-MasTERs of Great-Britain, and 
all Lovers of the Mathematical Learning. 


GENTLEMEN, 


M ANY and great are the Advantages that ariſe from 
the Knowledge of common Arithmetic only, to be Maſter 
of which requires a great deal of Time and Practice; but Al- 
gebra % far exceeds it, that avere it not but that ſome Jen/ible 
Progreſs muſt be made in the Former, it would hardly bear any 
Compariſon with the Latter, . 

It may indeed be thought a need'es and no leſs vain Attempt 
to offer any thing of this Sort to the Public, that has 2 
been treated of 5 Jo many eminent Authors, as if more could be 
Jaid upon the Matter than has al eady been done. But it is to 
be obſerved, that the following Work is defigned only as a Pre- 
parative to the right Underſtanding of other Authors ; ſo that 
perhaps, upon due Conſideration, the Undertaking may be found 
ro be neither impertinent nor improper : For the Queſtion is not, 
Are there not Books enough extant ? bat, Whether the 
Generality of them are fit for Learners, ſo that they may 
be capable in a ſhort Time of themſelves to ſolve Queſ- 
tions without the Help of a Maſter ? This I think is the 
grand Point to be confidered, | 

J do nit mean in the leaſt to leſſen thoſe Authors, for whoſe 
Works I would be thought to have the higheſt Regard ; but from 
the little Progreſs that moſt make who undertake to learn Alge- 
bra barely by Book, one would conclude (and that without the 
leaſt Detraction) that the Rules, Inſtructions, and Examples, are not 
No plainly ſuited to the Capacities of Learners as could be wiſhed. 

A great many are very ambitious to purchaſe for their very 
firft Book ſame great and noted Author (and indeed ſuch muſl 2 
conſulted, if we would become Maſters of any Art or Science ; 
but it is a common Miſtake to think they are beſt, and moſt to be 
depended upon in the Rudiments or fundamental Principles of 
fuch Arts or Sciences. It is evident there is Something more in 
this than barely aſſerting it ; for if it were ſo, what ſhould be 
the Reaſon tl at Jo many inferior Authors (perhaps of ten times 
les Knowledge in the Art or Science itjelf) have wrote, and 3 
: 9a 4 _ 
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ere. 
fill continue to write Volumes, for the better underſtanding and 
{ explaining their Works ? EX; 

1f ingeed there was no Occaſion for this, then have they ſpent 
their Time in vain, and their Labours to no Purpoſe : But cer- 
zainly they have not done fo ; it is what was wanting, and 
2 a very neceſſary Undertaking ; becauſe, by thus doing, 
the Unlearned have, and ſtill may, become acquainted with ſuch 
Mathematical Books, awhich otherwi/e they never would un- 
Aerſtand, without having a Tutor always at their Elboav ; and 

then indeed Pardie's Georaetry may be underſtood as well as 
Leadbetter's Mathematical Companion, or Boad's Artium 
Principia: And Wolfius and De Billy, as avell as Cocker or 
Hammond, but net without this, or ſome ſuch like Advan- 
tages. Beſides, | 

It has long fince been allowed, that it is none of the eaſieſt 
Things for Men of profound Learning to write within the ordi- 
nary Compaſs of common Capacities : Their Knowledge will very 
rarely Juffer them to ſtoop to the Underſtanding or Conception of 
fuch : So that what Dryden ſays of Love and Wiſdom toge- 
ther, may in another Senſe be applied to the Caſe before us: 


The Proverb holds, that to be wiſe and love, 
Is hardly granted to the God's above.” 


For indeed, to Men of ſuch extraordinary Parts and Abilities» 
- every il ing of this Sort is ſo very eajy, that whatever they pro- 
poſe, be it either Precept er- Example, they can diftinguiſh it ſo 
many different Ways, that from hence they conclude it is wery 
eaſy to be underſtood by others; on which Account they are in 
general not only Jo ſublime, but wwithal ſo conciſe, that it is well 
known, that not only moſt of their eaſieſt Problems (as they 
are pleaſed to call them) but even their Demonſtrations, require 
à further Demonſtration and more eaſy Explanation, before moſt 
Learners can of themſelves form a clear and diflin# Iaea of the 
Nature of the Propoſition ; at leaſt it will caſt them many a 
abeary Hour, and ſometimes Days and Months, to underſtand 
the whole Operation, though they apply ever fo cloſe and ajſi- 
duouſly ; and all this for want of a few Words applied in a 
free, natural, and eaſy Manner. Indeed, when we conſider 
theſe things, wwe cannot but ſay, it is a Pity a diligent Reader 
. ſhould ſpend his Time to ſo little Purpoſe, | » 
* | 9 
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As Algebra is noted for its Excellency, /o it is for its Diffis 
cully, and therefore ſeveral eminent Authors hade been pleaſed to 
call it a dark and dry Study ; the Meaning I apprehend to bt 
this, becauſe the Learner goes on a long Time through a & ries 
of Rules and Examples, which, though he be ever ſo perfect 
in, yet ſees no Reaſon for what he has done, nor receives any 
Reliſh or Satisfa#ion, till he comes to put them in Practice in 
the ſolving of a few Queſtions; and even then, if the Author 
does not give a Reaſon for almoſt every Step of the Operation, 
the young Tyro will not fo ſoon underſtand the Work as he may 
imagine, but is often at a Loſs, and ſometimes totally topped. 

Now, if the young Algebraiſt may poſſibly by ſome Authors 
proceed thus far, we | for want of better Aſſiſtance can go no 
further, what can be thought of ſuch Books as bade not Sf 
cient Inſtruftions for the very Rudiments only. And that there 
are ſuch, is evidently known to too many, as will appear from 
the Words of an Author himſelf *. © I have always been 
* of Opinion, ſays he, that Algebra ſhould not be entangled 
«© auith a great Number of Precepts; the Science is dark 
„enough, without adding 10 it new Obſeurity by the Con- 
«© fufton of different Operations, &c.““ Had he ſaid con- 
fuſed Operations, indeed, it had been to the Purpoſe ; but 
what he means by calling different Operations a Confuſion, 1 

. know not For Reaſon ¶ I think) tells us, that a Variety of 
Examples plainly demonſtrated, is the moſt ready Way to re- 
move Obſcurity, as it is the only Means to prevent a Learner's 
being entangled ; becauſe, without Examples, he would have 
but imperfect Ideas, and conſequently could never underſtand the 
practical Part of any Art or Science : It is therefore not only 
difingenuous to own a Thing to be hard, and not withal to give 
Sufficient Rules and Examples to render it eaſy when in our 
Power ; but it is as abſurd. to think it ſhould ever be rightly 
underſtood without theſe, | 

He is no great Arithmetician who. will not allow the Doc- 

| trine of Fractions, and the Extraction of Roots to be ſome- 
thing more difficult than the lower Rules of common Arithmetic; 


* It is of no Signification to mention the Author's Name. . Thoſe 
that have him by them, may ſee the ſame Words; and I make o 
Doubt but they will find be has kept up ta them throughout his |} 
Wer K. Fa an 
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For which Reaſon the Directions are ſo many the more, and /# 


much the fuller : If then to underſtand theſe only, ſuch a Num- 
ber of Caſes and Examples are neceſſarily required, it is reaſon- 
able to ſuppoſe Algebra is to be learnt without, or by a few 
only ? No fureiy ; for look but into the Works of the unparal- 
lelled Saunderſon, you will there find Precept upon Precept, 
and Example upon Example; and were it ſo that tao Volumes 


in Quarto could be purchaſed by every Lower of this Science, 


they would (in all Probability) make more Algebraiſts than all 
the Books extant would for ſome Years put a Stop to any fur- 
ther Pretences, and may be ſaid to be almoſt a finiſhing Stroke 
upon the Subject. — But this cannot be done. | 

New, contrary to this, ſeveral Authors*are /o over and above 
Short and intricate, that it is almoſt impoſſible for a Beginner to 
learn ſo much as. the Algorithm, much leſi the Algoriſm“. 

What may be done by one in a Thouſand is not eafily accounted 
for. Heaven has fuvdured ſome with a ſurprixing quick Ap- 


prehenſion, a penetrating Judgment, and tenacious Memory; and 


if to theſe we add the Advantages of Time, together with the 
pag ar and Operoſity that ſuch a one may poſſibly take in 
any Branch of Learning, ſuch a Man as this, IT jay, cannot 


fail to make ſenſible Improvements from the moſt ſublime Au- 


thors, and the moſt intricate Demonſtrations But can we ex- 
pect to find this at every Door? Very few have two of all 
theſe Advantages, and therefore that which is but A, B, C, ts 
the one, is as Greek to the other. 

From à due Conſideration of theſe Things, it is eaſy to per- 
eeive that a Book wrote in a plain and familiar Manner, and 
with a moderate Price, has been long wiſhed for and expected; 
the Want of which (as ſeveral Schoolmaſters, and others my 
Acquaintance, have often ſaid) has been a very great Diſcou- 
ragement to Learners in their intended De/ign and Purſuit of 
Algebra, 

7. he moſt rational Method to make any one Maſter of any Art 
or Science, 7s certainly to introduce it to Vm in a natural Or- 
der, and to teach him at firit only ſo much of it as is moſt ne- 
cgſary and conſiſtent with the Foundation; and when he under - 


Algorithm /ignifies the firſt Principle, and Algoriſm the 
Practical Part, or knowing haw to put the Algorithm in whe" 
1 f 1 a 3 
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fo to do. 


guaented with ſo neceſſary a Step: And tho” 1 have laid down 


former Work, have given him the Reaſon gradatim ( Step by 
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di the Fundamentals, he will ſoon be able to commer the more 


difficult Parts, and may purſue the Study in a more learned Man- 
ner, if his Fancy, Inclination, or Profeſſion, ſhall incline him 


Such then is the Deſign of the following Sheets, to give the 
Learner a true Notion of Simple Equations; and to make the 
Work as uſeful to him as I. poſſibly could, I have added that Part 
ewhich treats of Vulgar Fractions, % he ſhould not be ac- 


every Thing in the firſt four Algebraic Rules as plain as am 
able, till, that the young Practitioner may not be at a Lofs in 
avorking the Problems, I Have there recalled him bach to his 


Sep) throughout the whole Operation, that he may the more rea- 
dily underſtand the Nature of what he has been doing. 

J expect ſome critical Adepts may ſay, there was no occaſion 
to be ſo very particular; but let them be told once more, it is 
deſigned only for Learners, (though they themſelves, perhaps, 
may find ſome T hings in it not altogether unworthy their No- 
tice ;) and I perſuade myſelf, upon this Confideration, I have 
not dwelt too long upon any one T hing that requires a clear De- 
monſtration, ¶ it were only arp this Reaſon, that conſidering the 
many Rules and Examples the Learner has got to go through be- 
fore he can put them in Practice, and the Difficulty of putting 
them in Practice to his own Satisfafion, an Author may be, 
and often is, too ſhort for moſt, but he never can be too plain 
for any; and I think the practical Part of Algebra has al- 
ready been ſufficiently proved to be inconſiſtent with too much 
Sublimity and Concijeneſs, Again, 

Does not Reaſon it/elf tell us, that Arts and Sciences are 
not like Hiſtory, A few Words in the different Circumſtances 
and Parts of the Narration give us @ general Idea of the 
Whole But here it is quite otherwiſe ; the Reader muſt have 
Words as it were continually multiplied, to underſtand truly 
what is before bim; ſo that that which may be called a needleſs 
Tautology ix the one, is Nothing more than à proper neceſſary 
Repetition or Addition 20 the other. 

1 hope, therefore, thoſe more ſkilled in this Science awill ex- 
cuſe my being a little prolix, if I tell them I have done it in 

Sympathy to the young Practitioner, ſince I know the dear 15 
cha ſe 


- 
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fave him Trouble in the Purſuit of this excellent Study, and 


| 
chaſe of fludying Algebra from conciſe and obſcure Books by 
ewoful Experience ! | 
It is true, I have attempted the Work in Dialogues, which 

render it more prolix than it would hade been without them 3 . 
but as had newer ſeen any thing of this Sort wrote in that 
Manner, I did it partly to avoid the Charge of Plagiariſm 
and it is the general Opinion, that this Way of Writing con- 
veys the Senſe of the Matter ſooner to the Ideas, as it unbends 
the Mind at Intervals, not by turning it afide from the Subject 1 
itſelf, but inſenſibly Reals upon the Fancy, and renders the Study 
in a great meaſure a Diverſion rather than a dry, burthenſome 
Taſk. But a benevolent Critic knows, — 

% Whoever thinks a faultleſs Piece to ſee, 

© Thinks what ne'er was, nor is, or e'er ſhall be.“ 


And a candid Fudge, when he „ gens the Scope of the Sci- 
ence, and deſign of the Author, will grant, SLA 
That if the Way be juſt, the Conduct true, 
Some Praiſe, in ſpight of trivial Faults, is due. P 
Let therefore the ingenuous Reader conſider, that every Day ef 
has its Shades, and that my chief End is to ſerve him, and to 


then he will, for the very Deſign's Sake, forgive thoſe Errors 7 

which the Preſs, Want of Time, or Ability, may poſſibly have 8 

occaſioned. | l 
Gentlemen, Permit me to return Thank*, to ſuch of you as Tyr. 

Bade encouraged the two laſt Editi ns; and 1 have, (according 

to Promiſe) added to this T hird Impreſſion, not only a plain and 

eaſy Method of compleating the Square, and extracting the Roots, 

but hawe alſo added jewveral new Probl:ms, by N. 7 of Exerciſe, Ithe ] 

in order to make Quadratic Equations appear Hill more eaſy to Ty 


- Learners, lam, | him | 


Ser 
lema 
eiſu; 
Your Humble Servant Ph, 


and Well-Wiſher, Ser 
Royal Exchange, forg 
London, Nov. 5, 1758. Phj 
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C HAP. J. 
DIALOGUE TI 


Between PHILOMATHEsS and TYRUNCULUS. 


_ SY — 


(at Philomathes's Door———nocks.) 


Tyr. 


Servant. 


Dre. 3x RAY is Philomathes within! 


— 


Serv. Yes, Sir. 

Tyr. Has he Company ? 
= | Serv. No, Sir: Pleaſe to walk into 
es Ithe Parlour, my Maſter is quite alone. | 
to | Tyr. (within) 1 choole rather you would let 
him know I am here, 

Serv. (to Philomathes) Sir, here's a Gen- 
leman deſires to ſpeak with you, if you be at 
eiſure. 

Phi. Who is it, P/apho ? 

Serv. I have ſeen the Gentleman before, Sir, but 
forget his Name, 

Phi, —— (comes,) 


B Tyr. 


2 INTRODUCTION. 


© Tyr. Dear Philomathes, J am your humble Servant. 
Fhi. Tyrunculus, I am yours, and am heartily glad 
to ſee you,—-Come, Sir, pray walk this Way, I 
beg of you. | 
Tyr. — Sir — 
Phi. Pleaſe to ſit here, Sir, for you ſeem to be cold. 
a 9 Sir, I thank you; I am a little cold, I con- 
els. 7 ' 7 
Phi, Give me Leave, Tyrunculus, to repeat once 
more, that I am proud to ſee you; and I hope, after 
the many Promiſes you have made, you are now 
come on Purpoſe to ſpend an Hour or two with me. 
Tyr. Indeed, Philomathes, I came with that De- | 
ſign, if it be convenient; if not, I beg I may wait 
upon you at a more ſuitable Opportunity, | 
Phi. Indeed, Sir, I ſhall conſent to no ſuch Thing; 
f you ſhall not put me off from Time to Time with 
| your Apologies; you ſee I am alone; why then 
| ' ſhould you think it is inconvenient ? 
|| 
| 


Tyr. Pardon me, Philomathes ; as I ſee your Books 
1 before you, I thought you might be too buſy at this 
T3 Time. | | 
Phi. Piſh,—I am never ſo engaged with them, 
| but that I am always ready to receive my Friend ; 
! though I confeſs (when I have not the Pleaſure of an V 
agreeable, Companion) they are pretty Company to I 
| me of themſclves. t 
| Tyr. That I believe ; for come when I will, you d 
y 
n 


e 


| are always upon the Study. 
. Phi, Ladecd 1 am no cloſe Student, Tyrunculus ; 
1 *tis true, ſome things require more Thought and 
1 Conſideration than others, and I believe none more 
| than what I have now been reading. 
l Tyr. Pray what is that, if J may be ſo free? 
: hi. No Secrets at all, Tyrunculus ; you may look 
| in any of the Books and welcome, 
| Tyr. 
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Tyr. So, fo! Algebra! Cocker, Hammond, 
Saunderſon, Kerſey, Ward, De Billy, Molſius, &c. 
You have a Variety of Authors upon my Word. 

Phi. The Science requires it, Tyrunculus. 

Tyr. I believe ſo, and a fine Science it is; for 
my Part, I wiſh I underſtood it; but it is ſo hard 
for a Learner to ſtep into it of himſelf, that I think 
it is quite tireſome. | 

Phi. You ſurprize me, Tyrunculus; why, you 
talked of learning long ago. 

Tyr. I did ſo, and bought two or three pou 
Pieces (as they are called) upon it; but I own I am 
very little the wiſer for all my ſtudying. 

Phi. Do not ſay you ſtudied; I fancy you only 
gave them a careleſs Look or two; and Things of 
this Nature ſhould be read flow, and with the 
oreateſt Attention, 

Tyr. I am ſorry, Philomathes, ye think I have 
taken no Pains; many an Hour's Reſt have I broke, 
to learn only the firſt four Rules; and as for Equa- 
; tions, I never could underſtand ; and to ſay the 

Truth, I have laid the Thoughts of it aſide for 
ſome Months, | | 

Phi. I beg, Tyrunculus, you would not be angry; 
what made me think ſo is, becauſe I know moſt 
Learners are apt to run over Things too haſtily, and 
then blame the Author for their not coming at them 
1 directly: However, it is plain the Fault is either in 
you or the Books (if not in both) that you have 
made no better Improvement. 8 


Tyr. I am apt to think the Fault is in them as 
e much as in me. 
Phi. Perhaps ſo; but what ſignifies barely aſſert · 
ing it, without giving a reaſon ? 
k Tyr. Whether I be expert enough to give you a, 
ſufficient one, I will not ſay. | 
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Phi. Let me hear you give ſome Reaſon or other, 


I beg. 

755. Why then, Philomathes, two of my Authors 
treat only of Algebra itſelf, beginning with Problems 
directly; the other indeed begins at Audit on, and 

oceeds on to the firſt four Aleebraic Rules, which 

learnt pretty well; but when I came to Algebraic 
Fractions, I (not knowing any Thing of Vulgar, 
and he being ſo conciſe) could underſtand very little 
of them; on which Account, when I came to Equa- 


tions, I was quite at a Loſs; for I perceive there are 


very few but what have Fractions, and I know very 
little of them, except juſt to read them. 

Phi. Why indeed Tyrunculus, if you are not ac- 
quainted with YVulgar Fradiims, it is in vain you pre- 
tend to ſtudy Algebra, for they are the very Baſis 
and Foundation of it; however, Algebraic Fractions 
are done after the ſame Manner as Vulgar. 

Tyr. But you will allow them to be much the 
harder of the two, I imagine ? 

Phi. Ves, yes, I grant it; but ſtill when the 
Learner is well acquainted with Yulzar, he will ſoon 
underſtand Algebraic Fractions; beſides, it will ſave 
him a great deal of Trouble, for it is impoſſible to 
reduce an Equation, in order to diſcover the Value 
of the unknown Quantity, without underſtanding 


one or both of theſe. . 


Tyr. Since you grant this then, Philomathes, I 
think you muſt own the Fault to be in the Books 
rather than in me ? | 

Phi. *Tis true, the Books you ſpeak of are not 
fit for Learners; but ſtill, I muſt not indulge you 
ſo much as to lay all the Fault on them; for, as I 
ſaid before, though they may not be immediately 
fit for Beginners, yet they may be very good Books; 
for you are to conſider, Tyrunculus, that ſome . 

x thors 
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tors ſuppoſe Perſons previouſly to underſtand ſuch 
and ſuch Rules. 

Tyr. You ſay very right, Philomathes ; but pray 
did you never hear any beſides me complain of the 
Dificulty of learning Algebra by moſt Authors? 

Phi. Ves, a great many, and there may be Rea- 
ſons for it; but we ſhould always, in ſuch Caſes, - 
paſs our Sentiments with Reaſon, Caution, and Ten— 
derneſs, and not blame Authors on Account of every 
ſupine Learner ; for it is evident we can have no 
better, if we go to the Extent of the Science; tho 
I mutt confeſs thus far, that, upon the Rudiments, 
the Generality are a little dak, and too conciſe, 

Tyr. Since you own this, Philamathes, how then 
could you ſo ſeverely blame me, that I have made 
no better Progreſs ? ; 

Phi. You are not ſo much to be blamed as J 
thought for; but ſtill, you are to be blamed in this 
Reſpect, that you have not conſulted more Books; 
for he that deſigns to be the Maſter of any Art or 
Science, ſhould certainly provide himſelf with a Suf- 
ficiency for ſuch an Undertaking ; for it often hap- 


. pens, that what one Author is deficient in, or treats 


darkly upon, another ſets forth in a clear and eaſy 
Manner to be underſtood. / 


Tyr. A Variety of Books cannot be had, you 
know, without Expence. | : 

Phi. You make me ſmile to hear you talk of Ex- 
pence ; you know.very well =o can afford to pur- 
chaſe wy Books you have a Mind to. 

Tyr. That may hae” bue ſpeak in Pity to thoſe 
that cannot; for by Reaſon, of this, many Minds, 
lie quite uncultivated, which otherwiſe would make 
fine [Improvements in ſeveral Branches of Learning: 
This was the Caſe of "= when he took in Hand 
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to learn this Science, and I made him a Preſent of 
Cocker and Hammond to encourage him. 

Phi. You did very kindly, and could not have made 
him a prettier Preſent ; and he will certainly learn, for 
he has a very pretty Turn of Thought for Figures. 

Tyr. I have heard Novitius ſay the ſame, (for 
they both practiſe together) but yet he ſays, that he 


never could rightly underſtand in what Manner 


Cocker reduces ſeveral of his Equations; for my 
Part, I wonder at his Patience, | | 

Phi. Delight, Tyrunculus, Delight carries us thro? 
many Difficulties : But pray, do you remember an 
particular Queſtion or Equation that he ſeems ſo 
much puzzled about? 

Tyr. That I do not; but I heard him wiſh he had 
the Happineſs of being acquainted with you, he 
would have aſked you how to reduce a certain Equa- 


tion or two, which puzzles him pretty much, but 


that he feared you would take it amiſs. 

Phi. Not I, in the leaſt ; you know, Tyrunculus, 
Jam of no ſuch ſelfiſh Temper; I hate it of all 
Things; it would be Ingratitude not to communi- 
cate that freely, which I received fo: Baſe and ſor- 
did Spirits will indeed deny their Aſſiſtance, that 
they may have the Pleaſure of laughing at the Igno- 
rance of thoſe that they ought to have inſtructed, 

Tyr. It is very true, Philemathes, Philautus is of 
this unhappy Diſpoſition; I heard Novitius ſay, a 
little while ago, he aſked him only a ſingle Queſtion, 
and he would not reſolve it, but gave him very little 
anſwer, and ſeem'd, (he ſaid) to be affronted; and 

et you know they are intimately acquainted, and 
- always expreſſes the greateſt regard for Novitius 
in other Reſpects. 

Phi. It is very ſurprizing! The various Tempers 
of Men are not eaſily to be accounted for, you know, 

= Tyrun- 
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Tzrunculus : To be ſure, that Man can be of no Ser- 
vice to any Society, that is not ready and willing to 
aſſiſt every Member of it, and eſpecially when he is 
entreated. Lucretius was wont to ſay, © That he 
« would ſeek all Opportunities to communicate 
« whatever he thought might be ſerviceable to any 
« Man; and that, if Wiſdom and Knowledge were 
given to him with that Reſerve, that he might 
« not impart it to others, he ſaid, he would much 
„ rather chooſe to be without them.“ | 

Tyr. (ſmiles) 5 

Phi. What do you ſmile at, Tyrunculus ? 

Tyr. Nothing, Sir I was only going to ſay I 
wiſh Lucretius lived near me. 

Phi. That is not amiſs, Tyrunculus, J conſeſs : 
However, I am as ready to ſerve you as he would 


be; and to ſhew you I am, if you approve of it, 


and have a Mind to have a little Touch at Algebra, 
I will give you the beſt Inſtruftions I am capable of, 
upon Promiſe you will apply diligently ; for were I 
ſure you would not, I ſhould repent my Folly even 
in aſking you, much more in the Undertaking itſelf. 


. You remember the old Proverb, Strike the Iron while 


it is hot If you flight this Offer, you may, perhaps, 
afterwards blame yourſelf, Come, what ſay 
ou ? 
f Tyr. Dear Philomathes, I am ſtill more obliged to 
you 3 and as I am bound in Duty to accept of your 
indneſs with Thanks, give me Leave to ſay, I 
will uſe my beſt Endeavours not to fruſtrate your 
kind Benevolence; but indeed it is giving you too 
much Trouble. | 
Phi. Do not mention it: You are welcome, as I 
faid before; but pray when will you begin, for the 
ſooner the better, if you take my Advice ? 
Tyr. That muſt be as you pleaſe, Sir. 
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Phi, It never can be more convenient than now, 
as we are alone, and free from any Interruption. 
Tyr. With all my Heart, Sir, | 
Phi. Well then, Tyrunculus, I would have you 
obſerve the Method I ſhall take for your Inſtruction: 
I ſhall firſt begin with you at Yu/gar Fradtions, (as 
you have, you ſay, but very little Notion of them) and 
ſhall treat more of them than is required in the Alge- 
braic Part, that you may ſee their Uſe in other Re- 
ſpects: Then I ſhall proceed to Algebraic Fractions, 
the Rule of Proportion, and Equations; wherein I 
ſhall give you ſeveral Examples very rarely to be met 
with, or ſo eaſily demonſtrated : After theſe, I ſhall 
make ſome neceſſary Obſervations, and proceed di- 
rely to Algebraic Problems; and ſhall werk them ſo 
gradually, that you cannot miſs (if you take any 
Pains at all; to underſtand every Operation. But 
as ſeveral Things will, no Doubt, happen, that you 
may not immediately, upon firſt reading, have a 
true Notion of; pray do ſo much Juſtice to your- 
ſelf, as to aſk the Meaning of every Thing you are 
at a Loſs for, and do not content yourſelf to 
away half taught, For my Part, I ſhall be careful 
to avoid any Thing that I think may give Occaſion 
to ſtop you in the Undertaking: Be you but as 
diligent to obſerve the Rules and Exapmles, and you 
will ſoon be Maſter of that which I ſhall hereafter in- 
ſtruct you in; and then Tyrunculus, Cocker and Ham- 
nioud will at once appear both beautiful and eaſy to 
you; or Saunderſon and Kerſey, if you think fit to 
purchaſe them, (the former of which I more parti- 
cularly recommend :) But if you have not the Hap- 
pineſs to meet with either of theſe, you are here 
qualified for Hard, and have a good Foundation 10 
peruſe more conciſe Authors, ſuch as De Billy, Geſli- 
nus, Walfius, &c. &c. d 
| | D I A- 
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DIALOGUE II. 
See. I. 


On No TAT ION aud REDUCTION of VULGAR 
FRACTIONS. 


Tyr. Wu AT do you mean by Netation f 


Fractions? 

Phi. Notation ſhews you how to write down and 
expreſs any Fraction. 

Tyr. What is a Vulgar Fraftion ? 

Phi, A Fraction ſignifies a broken Number, or, 
in other Words, when Unity, or the Number 1, is 
divided into any Number of Parts, thoſe Parts are a 
Frattional Part of the Integer itſelf, and is called a 
Vulgar Fraction. 6 

Tyr. How am I to know a Vulcar Fran? . 

Phi. Whenever you ſee any Figure or Figures, 
with other Figure or Figures underneath, and a 
Daſh between them, (thus, 3 5) they are /ulzar 
Fradtions of ſome Denomination or other. 

Tyr. What ! are there different Sorts then ? 

Fhi. Yes, three at leaſt, | 


Tyr. Tell me their different Names, if you pleaſe ? * 


Phi. Firſt then, there are Simple, Single, or Pro- 
per Fractions, (for you muſt note they are frequently 
called by either of theſe Names;) 2dly, [mproper ; 
and, 3dly, Compound Fradtions. 

Tyr. How are they ſeparately known, or expreſſed 
in Figures? : 


Bg Phi. 
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Phi. Thus; 3, 3. + #14, Sc. are all Simple 
Fractions; they are ſo called becauſe each of the 
Numerators is leſs than the Denominator belong- 
ing to it. 

Tyr. What do you mean by Numerator and De- 
nominator? 

Phi. The Numerator always ſtand, a- top of the 
Daſh, and the Denominator underneath : Thus, in 
the foregoing Simple Fractions, 2, 5, 9, and 412, 
are Numerators; and 3, 8, 14, and 716, are their 
reſpective Denominators, 

Tyr. Very well: What is an Improper Fraction? 

Phi. Improper Fradtions, contrary to Simple ones, 
have their Numerators larger than the Denomina- 
tors: Thus, 2, 7, , and 748, &c. are Improper 
Fractions. | : 

Tyr. What do you mean by Compound Fractions? 

Phi. Compound Fractions are Fratfttons of Frac- 
tions compounded, coupled, or joined together, by 
the Word of, Thus 3 of 3, or + of AT of 38, Sc. 
are all Compound Fraftions : Do you underſtand it? 

Tyr. Yes, I do Sir: But how are theſe different 
Fraftions read, or verbally expreſs'd ? 

Phi. Thus, 7 and 23, is two Thirds, and fourteen 
Twenty-ninths ; alſo * is fourteen Fifths, and 4 of 
3 of , 3 Fourths of 5 Sixths of 7 Elevenths, &c. 
Tyr. The 3 Fourths of the 5 Sixths of the 7 Ele- 
venths: But of what? 


Phi. Why, the 3 of the 5 of the 57 Parts of an 


1 or whole Number. 


yx. I aſk Pardon: But it muſt be very hard to 


tell that. 

- Phi. You are not to concern yourſelf about this at 

prefent ; you will find it eaſy enough by-and-by 
Tyr, Aae there no more Fractions ? 


Phi. 


. 
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Phi. Properly ſpeaking there are not; but there 
is what we call a Miat Number. 

Tyr. What is that pray? 

Phi. A Mixt Number conſiſts of two Parts, the 
firſt Part a whole Number, and the other a Fraction: 
Thus, 43, and 247 5, are AMliæt Numbers; that is, 
4 whole Numbers and 5 of Unity or 1, c. 

Tyr. I underſtand it very well: What is the next 
Thing you purpoſe ? 

Phi. Nothing more concerning the Names of 
Frattions : I ſhall now give you three or four Obſer- 


vations, which you will do well to remember. 


OBSERVATION I. 


TT he Value of every Simple Fraction is leſs than 
Unity or an Integer, by ſo many Times as the Nu- 
merator is contained in the Denominator; as you 
will fee demonſtrated (Caſe q) in Reduction: So alſo 
is the Value of all Compound Fractions if they be 
compounded of Simple ones; for they are all but one 


Simple Fraction when reduced, as you will ſee (Caſe 6) 
in Reduction. | N 


OBSERVATION 2. 


Contrary to theſe, the Value of any [mproper Frac- 
tion is more than an Integer, or as many whole In- 
tegers as the Denominator is contained Times in the 
Numerator; (See Cafe 9 in Reduction.) 


OBSERVATION 2. 


When the Numerator and Denominator are alike, 
this is called by ſome an Improper Fraction, but with 
what Propriety I know not, ſeeing it is only Unity 
itſelf: For 4 of a /. Sterling is 1 /. and 2 of a 


Yard 1 Yard; becauſe 4, divided by 4, Sc. make 
one whole Integer. | 


* 
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OBSERVATION 4. 


When you would make any whole Number into 
an Improper Fraction, then put Unity underneath it. 
Thus 4 will be + and 126 will be r Sc. Pray 

remember this, | 


Tyr. I underſtand you quite well ; but pray how 
is the Value of a Fraction diſcovered, in Order to 
know what Relation it bears to an Integer ? 

Phi. Fractions are reduced by certain Rules or 
Caſes in Reduction, of which if you be Maſter, you 
will ſoon add, ſubtract, multiply, and divide ; but 
not elſe. 

Tyr. Why is Reduction taught before the others 

ray ? | 
n Pi. Becauſe the Fractions muſt be firſt reduced 
before you can do the other Rules: Reduction there- 
fore prepares the Fractions as you will ſee by the fol- 
lowing Examples. 
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Tyr. 15 M mightily pleaſed with what you have 

ſhewn me concerning the Nature of Vulgar 
Fractions; but think I long to know how to reduce 
them. 
"Phi, That you ſhall directly; but are you ſure 
you know what a Simple, Compound, Improper Frac- 
tion, and Mixt Numbers are? for they muſt be 
known: And if you think you do not * 
: | | them 
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them quite well, give them another Look; you can- 
not be too perfect. 
Dr. I am poſitive I underſtand what they mean. 
Phi. Very well: Pray hand me that Slate then; 
I will reduce them in their Order before your Face, 
and you may try at other Examples, which you 
may ſet yourſelf at your Leiſure, 


CASE I. 
To reduce a Mixt Number e an Improper Fraction, 


The Rule is, 


Multiply the whole Number by the Denomina- 
tor of the Fraction belonging to it, and take in the 
Numerator; then under this Product ſet the Deno- 


minator; ſo is this [mproper Fraction equivalent to 
the Mixt Number given. 


EXAMPLE I. 
Reduce 4 5 to an Improper Fraction, 
| 45 
5 


4 
* 


22 
8 
EXAMPLE 2. 


Reduce 51 57 to an Improper Fraction, 


: 51 1 
11 
— — 
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| EXAMPLE 3. _ 
Reduce 576 44 to an Improper” Fraction, 
$703t _ | 


3 | | 
Tyr. He that can do common Multiplication may 
do this. | | 
Phi. True; and he that can do common Diviſton 
may do the next, it being only the Reverſe of the 
former Caſe, as you'll ſee by the ſame Examples, 


: CASE 2. 
To reduce an Improper Fraction to its equivalent, 
whole, or mixt Number. 
Rule is, 


Divide the Numerator by the Denominator, and 
if any Thing remains, ſet it over the Denominator, 
for a new Numerator, and it is done. 


5 EXAMPLE I. 
Reduce ; to its equivalent, whole, or mixt Number. 


5) 22 
47 Anſ. See Ex. 1. Caſe 1. 
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EXAMPELEE 2. 
Reduce 533 to its equivalent, whole, or mixt Number, 
11) 563 


— — — 


SI 11 Anſ. 


| EXAMPLE 3. 
Reduce 1 o its equivalent, whole, or mixt 
Number. 


- 24)13838(576 3+ A. 
120 | 


18 
168 
158 
144 


— — 


14 


Note, When there is no Remainder in the Divi- 
ſion, then will the whole Number be equivalent, 
or equal to the given Inpraper Fraction. As for Ex- 
ample : Suppoſe I would reduce 55 to its Equiva- 
lent, I divide 56 by 7, and the Quotient is 8.; ſo is 
8 equal to 57; ſo alſo “ is equal to 19. This is 
eaſily ſeen by the next Caſe. 


, CASE 3. 
To reduce any whole Number to an Improper Fraction. 
| Rule is, 
Multiply the whole Number by any Figure at 


Pleaſure, and under the Product ſet the ſame Figure 
you 


* 
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you multiply'd by, and you have an Improper Frac- 
tion equal to the given whole Number, 


EXAMPLE I. 
Reduce 14 to an Improper Fraction, 


14 14 14 ; 
5 9 12 

7 126 1 

— Anſ. Anſ. — An. 
5 9 12 


Here you ſee I multiply the whole Number by 
5, by q, or by 12, or any other Figure, and the Im- 
proper Fractions are all equal to each other, and 
are alſo equal to 14. Therefore this is an unlimited 
Queſtion, to which an infinite Number of Anſwers 
may be given, and al} right: but if the Queſtion be 
propoſed thus, it will be limited, and can then have 
only one Anſwer, As for Example, 


EXAMPLE 2. 


Reduce 14 to an Improper Fraction, whoſe Denomina- 
tor ſhall be 15. 


Here as I am to have 15 for its Denominator, I 
am obliged to multiply by 15, and no other Figure. 
14 
15 


70 
14 
210 
— Anſ. equal to 14, as before. 
1 
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CASE 4. 


o reduce a Fraction to its loweſt Terms, equal in Value 
to the Fraction given. 


| * Rule 155 
Divide the Numerator and Denominator by any 1 
Figure that will divide them both without any 1 


| 

Remainder, and continue ſo doing till you can 1 

divide them no lower; fo will this laſt Quotient 1 
! 


be the loweſt Terms equal to the original given 


7 Fraction, | i 
1 . ll 
Reduce 444 to its lnugſi Terms, | q 
8 XI | i 
4 Diviſors "4 0 i 
e Num, 144| 72 |24| 6] 2 8 
——- 1; 1 
Denom. 2161108 361 gl 3 9 
1 
— EXAMPLE 2. il 
1 Reduce 57.5 to its loweſt Terms, | ! 
e. Diviſors 6 8 4 n I 
Num. 576 96 [12] 3 i 

e —— Anſ. = | 

Denom. g60[160 [20 5 


Do you underſtand the Work ? | 5 0 
Tyr. I underſtand all very well, but the two | 


Lines you make after the Anſwers I don't rightly 
e. apprehend, 


Phi, 
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Phi. What this Mark (=) do you mean ? 
Tyr. Yes. 

— Pz)zi. It is the Sign of Equality, it 
2 ſignifies that ; is equal to 173; and E is 
Jnifees. equal to 5{3, You will frequently ſee 
it uſed by and by, 


Note, After the ſame Manner are Algebraic Frac- 
tions abbreviated, For ſuppoſe I were to abbreviate 
abb 
cm oe 9 
away ſuch Letters or ron as are alike out of 
the Numerator and the Denominator, and the Work 


or reduce to its loweſt Terms; it is only taking 


js done, Thus in the above Algebraic Fraction" 
> 


I find 4 both in the Numerator and Denominator, 
therefore by taking b from both, I have = in its 


loweſt Terms = = But this you will ſee more 


of in Caſe 4 of Algebraic Fractions, 


Tyr. Is there no other Method of reducing a Frac- 
tion to its loweſt Terms, becauſe it is difficult to find 
Figures that will divide ſome Fractions. 

Phi. *Tis true, for that Figure which will divide 
one, will not perhaps divide the other, therefore 
there is a Way to tell what Figure will do it at one 
Operation. | 1 

; 08 That muſt be mighty pretty, pray let's ſee 
it 

Phi. You ſhall. 
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CASE 5. 


Another Way to reduce a Fraction to its loweſt Terms 
at one Work. (Euc. 7, Pr. 1, 2, 3.) 


Divide the Denominator of the Fraction by its 1 
Numerator, and if any Thing remains, divide your VN 
former Diviſor by it, and if any Thing yet re- U 
mains, divide your laſt Diviſor by hat; thus pro- 
ceed till you have Nothing remain, and then ſhall 3 

our laſt Diviſor be a Common- Meaſurer, that will 1 
infallibly divide both the Numerator and Denomi— f 
nator of the given Fraction into its loweſt Terms at 
one Work. 

Tyr. Pray give me an Example, and explain it | 
in Words. 

Phi. I will. 


EXAMPLE I. & 
Reduce +7] to its loweſt Terms by a Common- i 
Meaſurer, 


it goes once, and 105 remains over; this 105 I make 
now a Diviſor, and the laſt Diviſor (viz. 147) a 
Dividend, and find it contains once 105, and 4.2 re- 
mains over; by this 42 I divide the laſt Diviſor 105, 
and find 21 remains; and laſtly, by this 21 I divide | 
the laſt Diviſor 42, and find Nothing remains over : 1 
So is the laſt Diviſor 21 2 Common Meaſure, that will 4 
reduce the given Faction 25 to its loweſt Terms at | 

once; for dividing the Numerator 147 by 21, I have 
7 for a new Numerator ; and dividing 252 by 21, I 1 


have 12 for a new Denominator: and thus I find 
E 112171. | | 
N 


Ex- 


Firſt, T divide 252 by 147 the Numerator, and 1 


— 
2 
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EXAMPLE 2. 
Reduce 221 to its loweſt Terms by a Common 


Meaſurer. 


574) 861 (1 
_ 


Com. Meaſurer 287) 574 (2 
574 


—  — 


0 — 
Num. 
287) 574 (2 New Num. 
$74 


Denom. 
287) _ (3 New Denom. 
I 


" 
Anſe 1 


Tyr. I underſtand it well; but pray ſuppoſe a Frac- 
tion cannot be abbreviated by a Common- Meaſurer 
by its proving an Unit at laſt ? 


Phi. Why then it is in the loweſt Terms already: 


Such a one is 425. | 


Tyr, Very well. Pray are there no more Caſes in 
Reduction 0 
Phi. Ves, here follows, 


| £5 CasE 
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49 
| | 9 
CAS E 6. | ö 
| 


To reduce a Compound Fraction to a Simple-one of 
the fame Value. 


Rule is, 


Multiply all the Numerators one into another for 

a new Numerator ; then multiply all the Denomina- 
tors together for a new Denominator, ſo ſhall this 
new Fraction be equal to the Compound Fraction 
ven. | 
: Tyr. This is ſo eaſy I think I can do it directly; ** 
pray try me? A. 
Phi. No Doubt, for it is only common Multipli- 
cation, | | 1 


; EXAMPLE I. 
Reditce 5 of 5 of 3 to a Simple Fraction, 


| 
Tyr. I ſet down all the Numerators thus, 2 | 


Fo 
Then I multiply all the Denom. 3 IO | 
3 1 
— — | 
18 30 New N. | | 
4 | | N 


New Denom. 72 


410. 323 of 4 of 


— — 


——— — —ͤ 
ads” d — K a A 
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What this Phi, It is very right, Tyrunculus ; but 
X Croſs there is a Character uſed for Multipli- 
ſignifies. cation which will mightily ſhorten the 
Work, and take up leſs Room; beſides 
it is frequently uſed in Algebra. This is it (x,) and 
it ſignifies that all the Numbers between which it 
ſtands are to be multiplied together, Thus 4x6 x2 
=48. Pray remember it. 
Tyr. J know your Meaning immediately. Thus 
4 multiplied by 8 is 4x8, that is 32. 80 3x2 
X5=30. Is it ſo or not? 
Phi. You are very right; now I'll try you with 
another Sum. 


EXAMPLE 2. 

Reduce q of + of 4 of 4x to a Simple Fraction. 
Tyr. | multiply all the Numerators together, 
Thus 5 Xx 4 Xx 3 * 11 = 660 for a new Nume- 
rator. 
Andy x5 Xx 4 * 12=1680 for a new Denomi- 
nator. 

So is 1888 Of ; of 3 of 12 Anſ. 


Phi. It is very well done Tyrunculus, now we will | 


proceed to 
CASE 7. 


To reduce Fractions of unequal, or different Denomina- 
tors, to Fractions of the ſame Value, having but one 
common Denominator to all the Numerators. 


© Rube is, 


Multiply all the Denominators together for a 
common Denominator; then take each Numerator, 
(beginning at the firſt) and multiply it into all the 

| De- 
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Denominators except its own Denominator; ſo 
ſhall theſe different Products be new Numerators to 
the common. Denominator, equal to that Fraction 
whoſe Numerator you multiplied into the. Deno» 
minators, which placed over the common Deno- 


minator, and the Work is done. Do you think 


you could do this directly? 

. Tyr. No, this is not ſo eaſy as the laſt Caſe, Pray 
give me one Example at large, and then [I'll try. 
IVhat N. N. Phi. I will. Pray remember N. N. 
and C. D. ſignify new Numerator, and C. D. 
ſignify. common Denominator. 


EXAMPLE I. 
Reduce 2, 4, and 8, to Fractions of the ſame Value, 


having a common Donominator. 


| 3, $0 8. 
Firſt 3 then 2 and 3 and 5 
. 1 5 3 | 5 
15 10 9 25 
eis be 8 5 


C. D. 120 N. N. 80 N. N. 72 N. N. 75 


| Anſ. 118 4, for 80, is 3 of 120. Alſo 54% = 4, 
aud 545 = +. | | 
Tyr. Tis ſo plainly done, that I think I can do 
A another Example. | 
Phi, Poſſibly you may, as you take good Obſer- 


Ex- 


— 


— 


„ — wr —_ K 


P! r - — - 
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EXAMPLE 2. 


Reduce +, 5, 7, and +, to Fractions having a common 
Denominator. 


Tyr. Firſt then, 5 Xx 6 x 8 * 4 = 960 for a 


common Denominator. Then 4 x 6 x 8 x 4 = 


768 N. N. And 5x5 X8 X 4 = 800 N. N. 


| Again, 7 Xx 6 Xx 5 X 4 840 N. N. And laſtly 


3x8x6X5=5720 N. N. Theſe new Nu- 
merators placed over the common Denominator, I 
find the Anſwer to be 435 = 4, 388 = 5, $88 , 
and 358 = . Is it right? ; 

Phi. You ſurprize me, to ſee you ſo apt; ſee 
what Care is | You have no ct” bo for more Ex- 
amples in this Caſe, We will paſs on then to 


CASE 8. 
To re.” ce Fractions of one Denomination to another. 


This-confiſts of two Parts, aſcending or deſcending. 
And firſt of aſcending. 

When a Fraction is given to be brought from a 
leſs to a greater Denomination, then ſet down the 
Fraction, and make a compound one of it, accord- 
ing to-the Denomination it is to be brought into; 
and this compound Fraction is made by conſidering 
how many of the leſs make one of the greater ; then 
reduce this compound to a ſimple Fraction, and you 
will have a Fraction of another Denomination, equal 
in Value to a given Fraction, = | 

Tyr. This is a hard Cale, this is not underſtood 
by bare reading. 

Phi. It is harder than ſome of the reſt ; but an 
Example or two will make it plain, | 


Ex- 
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EXAMPLE I. 


Reduce q of a Penny to the Fraction of a C. Sterling. 
Now obſerve, as 12 Pence make a Shilling, and 


20 Shillings a Pound, I make a compound Fraction 
of 3 thus. | 


3 of 17 of 48 of af. 
Nou this reduced to a imple Fraction, viz. 3 * 1 


X1=3 N. N. and 5 Xx 12 * 20 = 1200 N. D. 
So is 5x53 of a %. = 4 of a Penny. 


O R, 


Otherwiſe make a compound Fraction of it at once; 
that is 240 Pence make a . Sterling. Then it 
will be J of s; this reduced to a pony | Fraction, is 
1rd of af. =4 ofa Penny as above. 


EXAMPLE 2, 


Reduce 3 of a Farthing to the Fraction of a Guinea, 


This will be 3 of + of +4 of zT of a Guinea, 
Now 3 NIX IX Long ee CN x 
0 


12 X 21 = 4032 N. D. is zi of a Guinea 
Sz of a Farthing. | 


2. DrsczN DING. 


In deſcending you are to conſider, that the Fraction 
is to be brought from a greater to a leſs Denomina- 
tion; therefore, as you multiplied the Denominator 
of the given Fraction by the Parts contained in the 
Integer in Reduction aſcending, ſo now here you muſt 
multiply the Numerator of big: given Fraction by the 


ſame 


— — — — _ 
- . — 
2 —ů— — 
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ſame Parts, and you have the Anſwer. Or, which 
is all the ſame, only invert the Parts contained in the 
Integer, (that is, turn them topſy-turvy) and make 
of them a compound Fractian as before, then reduce 


it to a ſimple Fraction, au it is done. 


EXAMPLE I. 


Reduce 4 of a C. Sterling to. he Fraction of a Ponny, 


Here I conſider that a Shilling is 28 of a ,. and a 
Penny +4 of a Shilling, therefore I multiply the Nu- 


* merator 4 by 20 and by 12, and the Product is 960, 


which I place over the Denominator, thus 252, 
So is of a Penny equal to + of a C. or 16 Shil- 


lings. 


r, by inverting the Parts as above directed, it 


will be + ef 22 of In a compound Fraction, which re- 


duced to a ,imple one, viz, 4 & 20 * 12 29 N. N. 
and 5 X I X 15 N. D. To prove this we will 
try Example 2. of Reduction aſcending. 


Reduce 7553 of Guinea to the Fraction of a Farthing, 


a Seed ea 4-1. * 


ExAMPLE 2. 


Here 5544 of T of of 4, | 
Now 3; 21 & 12 * 4 3024 N. N. 
And 4032 X 1,;X I X1=4032 N. D. » This 
Fraction abbreviated is = 43 of a Farthing. So is; 
of a Farthing i of a Guinea, as in Example 2M T1 
of laſt Rule. E I 
What do you ſay to this Caſe, Tyrunculus ? n 
Tyr. I think I underſtand it pretty well; how- i 
ever, I will look it over again, and try at other h 
Examples, ra ts 2 


Phi, 


| 
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Phi. Do ſo. Now, Tyrunculus, we are come to 
the moſt uſeful and pleaſant Caſe of all, which is to 


find the true Value of any Fraction. 


Tyr. That I ſhall like to know. 
Phi. Pray obſerve carefully the Rules and Ex- 
amples, and I dare ſay you will work any of them 


directly after me. 


Cas E 9. 


To find the Value of a Fraction in Money, Weight, or 
Meaſure, 
Rule ts, 

Multiply the Numerator by the Parts contained in 
the Integer to which it belongs, always obſerving 
to begin with that Part neareſt related to the Integer; 
then divide by the Denominator, and if any Thing 
remains, multiply it by the next greateſt art neare 
related to the Integer, and divide again by the Deno- 
minator, Thus proceed till you can reduce it no 
lower for Want of Parts in the Integer, and the 
Work is done, : 

Tyr. I muſt beg one Example at large. 


Phi. You ſhall, and you will need no more to 
underſtand the Caſe. 


 ExAMPLE T, % 


Nat is the Value of +3 of a {.. Sterling? 


Firſt, in Order to find the Value of this Fraction, 

I conſider the next neareſt Part related to a Z. and 
I find it to be Shillings. Now becauſe 20 Shillings 
make a . I multiply the Numerator 3 by 20, and 
it is 60, which I divide by the Denominator 32, and 
have one in the Quotient, which is 1 Shilling, and 
28 remains over ; this I ey 32 of a Shilling. Now 
| 2 85 ag 


— — 


1 1 * T C8 7. — — — — A 
* 2 e r - * r — 
- - - we p — 8 CH 
mn => 3 ee s2 ol DO. TS AAS. » 9 2 
"a =. $3 © — Ci * * 8 3 2 
> - 3 . _ Ar \ F. 4 


. V GA, -- F — = 4 — q 
— * — — — — — — 7” * + ,q+z4 


FP 
* 2318 : 
— =.2 


— OT hc ad 
p 8 


— er 2 >” 


w — 
" ” 


— — 
— _ —— 
of 1 


ws — — of 
— —- 
* | 


- ww +5 —— 44 


2 


_ — — 
4 Wi — 
2  —_—_ —_— 2 — 2 


” 1 Irs 


28 RepucTIiON of 


as 12 Pence make a Shilling, multiply 28 the Nu- 
merator by 12, and it makes 336, which I divide 
alſo by the Denominator 32, and the Quotient is 10, 
which is 10 Pence, and 16 remains over; this I call 
3S of a Penny: then as 4 Farthings make a Penny, 
I multiply the Numerator 16 by 4, and it is 64, 
which I divide again by the Denominator 32, and 
the Quotient is 2 Farthings. So that I find 32 of a 
4 to be IS, Iod. To See the Work, 


32) 336 (104. 
32 


16 
4 


32) 64 (29rs. 
64 


O 


Anſ. 15. Iod. 33 


the 7 of a Moidore. 


VurLreaR FRACTIONS. 


What is the + of a Meidore. 


4 
27 


— 


25) 108 (45. 
100 


8 
12 


— Anſ. 45, 3d. 2 122 
25) 96 (34. 
75 


21 
4 


25) 84 (39% 
75 


9 


\ 


Qusſtions to be tried, 
. What's the Va- | 
wa 72 of an Cwt? i Anſ. Tqr. 9th. 5 oz. Sdrs. +. 


4. What's the 
13 of a Year ? 


145 146d. 5h. 31m. 36 , 152 
IF To find the Value another Way. ; 


Suppoſe I wanted to know the ;5 of a (. or 


C 3 "This 
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This is done only by abbreviating the Numerator, 
and bringing it down to Unity, then will the Frac- 
tion be 4 of a ,. then multiply the Value by the 
Numerator, and you have its true Value. 


Firſt, What is the +3 4. Sterling. 


I abbreviate the Numerator to Unity or 1, and 
conſidering what 55 of a . is, I find it to be 15. 
8 d. this F multiply by 5 the Numerator, and it 
makes 8 5. 4 d. which is the Value of 55 of a /. 
Sterling. Again, ay 


I Rat is the 47 of a Moidore ? 


I confider that I of a Moidore is 15. 6 d. then by 
multiplying 7 the Numerator 7, I have 10s. 64, 
which is the Value of ;7 of a Moidore. 

N. B. I told you in Dial. the 24. Obſerv. 1, that 
"wy ſimple Fraction's Value was leſs than an Integer 
or Unity, and that the Value of an improper Frac- 
tion was more. (Obſerv. 2.) To prove which let us 
take any two Fractions, dne ſimple, and the other im- 
treper, and ſee what their Value is in Relation to a 
L. Sterling. 


EXAMPLE I. 


Suppoſe the Simple Fraction to be +2 of a V. 

I find 21 of a/. to be 15. 8d. therefore 2 is 9 
Times 15. 8 d. = 155. Now 15s, wants 5. of 
the whole Integer or 1. therefore the ſimple Frac- 
tion 52 is leſs in Value than the whole Integer or 
Unity, by 5 Shillings. Now contrary to this, an 
improper Fraction's Value is more than the 9 

elf; 
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ſelf; and its Value is greater or leſs according to 
the Largeneſs of its Numerators 


EXAMPLE 2. 


What is the 1 of a {.. Sterling? 


This being an improper Fraction, I divide the Nu- 

merator 25 by the Denominator 4, and it gives 6 
whole Integers, or 6. now as one remains over, it 

is ofa C. which is 5s. So J find 4 ofa 6 to be 
6 J. 56. Do you underſtand it, Tyrunculus : 

HBr. Had you only ſaid it I might have been at a 
Loſs ; but you have demonſtrated it ſo plainly, that 
I muſt be quite dull of Apprehenſion not to ice the 
Nature of it. | 

Phi. I am glad you underſtand me; and pray do 
you think you underſtand all the 9 Caſes in Reduc- 
tion ſo as to work them now off hand; for if you do 
not (at leaſt all but the 87h, that being not ſo much 
wanted) I freely tell you that you will be at a great 

Loſs; for the next four Rules depend wholly upon 
a true Knowledge of Reduction. 

Tyr. You do well, Philomathes, to take ſuch Care 
of me, and I hope every Learner will take your Ad- 
vice ; but for my own Part, I can ſafely ſay I under- 
ſtand Reduction quite perfectly. 


Phi. Well, if ſo, we will proceed directly to Ade 


dition. 


C 4 D I As 
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cc cee 
DIALOGUE III. 


Of Apprriox, SUBTRACTION, MULTIPLICATION, 
and Divisiox, of VULGAR FRACTIONS, 


„ * „ „5 „„ ELLE LY. 
r 


Of Apbrriox of VULGAR FRACTIONS, 


Tyr. OW is Addition of Fractions performed ? 

Phi. By this one general Rule, viz. all 
compound Fractions muſt firſt be reduced to fimple ones, 
and all Fractions to a common Denominator, (by 
Caſe the 6th and 7th of Reduction ;) then add all the 
Numerators together as in common Addition, and 
place their Sum over the common Denominator ; 
and if it bean improper Fraction, reduce it to a mixt 
Number (by Caſe 2. in Reduction) and you have the 
Sum of all the Fraclions. 


EXAMPLE I. 


Add %, 4, and + together. 


Here becauſe the Fractions have all one common 
Denominator, I only add the Numerators 2, 1, and 
4 together, and their Sum is 7, which I place over 
the common Denominator 5, and the Sum is 3 an 

mproper Frattion, equal to 1 5 A. 


EXAMPLE 2. 
Add 21, 17 3+ and 29 together, 


v4 p 
Anſ% * 2 11 · 


Tyr 9 


G 
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Tyr. This is mighty eaſy ; the Rule is ſo plain 
one cannot well mils. 
Phi, Now will ſet you a Queſtion, Tyrunculus ? 


EXAMPLE 3. 
Add 2, i, à, and 5 together. 


Tyr: I am afraid you have puzzled me; but ſtay 
a little, let me find it out myſelf— I ſee how it muit 
be done, I muſt reduce the Fratims firſt to a com- 
mon Denominator, and then add the Numerators 
together as you have done above. Mult I not? 

Phi. You have it I perceive. 

Tyr. Firſt then, to reduce the Frans to a com- 
mon Denominator. 


3 1. 3 and 5 
3 Z3 43 69 
I multiply 3 x 2 x 4 x 6=144 C. D. Then 2 
* 2 X 4 * 66=96N.N, Then 1x3 x4 x6= 
{2 N. N. Again, 3 X 2 * 3 x 6 = 108. N. N. 
aſtly, 5 X4X 2 X 3 2 120, 8o that 1 find the 
new Numerators are as follows: 


N. Numerators- 


C. D 90 

D. 144 72 
108 and 
I20 / 


Their Sum 395 which placed over the 


common Denominator 144, ſtands thus, 325 ; this, 
by Caſe the 2d. in Reduction, = 2 323, that is, 22, 
the Sum of 3, 2, 4, and 3. ; | 
Phi. It is quite right, Tyrunculus, you ſes what 
it is to mind the Rules given for Inſtruction; you 

C5 15 will 


o 
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will do that already which will coſt a careleſs Reader 


ten Times the Trouble. Come, I'Il try you with 
another, | 


Thr. With all my Heart. 


EXAMPLE 4: 


Phi. Add ; of 4 of } and 4 of 4 together. 

Tyr. Let me ſee : I muſt firſt (by 7 6. of Re- 
duftion) reduce the compound to ſimple Fractions, and 
then the Fractions to a common Denominator, and 
proceed & 3 before. Firſt then I multiply all the Nu- 
merators together, viz. 2 X 4 X 3 = 24. N. N. 
Then 4 X 5 x 4 80 C. D. Sois zs Hof of 
3, Then the other compound Fractions, viz. 4 of + 
reduced, is g. So the two /imple Fractions to be 
added are g and 43, Theſe I reduce to a common 
Denominator, as in Example 3, and find them to 
be 343 and 4522. Then have I nothing to do but 
add the Numerators together, and their Sum is 2752, 
which I place over the common Denominator thus, 
7553, and this I apprehend to be the Sum of 3 of + 
of and g of g. Is it ſo or not? 

Phi. It is, and I am proud to ſee you fo well 
grounded in the Rules of Reduction: However, I 
think I can poſe you the very next Queftion, Will 
you try at it? 4 ger 

Tyr. To be ſure I will; for I imagine you will 
ſhew me if I cannot do it ? 

Pli. You need not doubt—Come then, 


ExAMPLE 5. 
Add 4 . 3, L. 3 of I and 12 together? 


Yr. _—_— 
Phi. I thought I ſhould puzzle you; however, be 
Tyr, 


not diſcouraged, 


by 7A O'wuw = Rh oy ESA oo. 


yr. 
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Tyr. There is nothing that puzzles me but the 
laſt Fraction Z, for I am not certain whether it be- 
longs to the compound. Fraction that ſtands beſore it, 
or whether it be a ſeparate Fraction by itſelf. 

Phi. It cannot belong to the compound Fraction, 
becauſe the Word of is not between them. There 
are two Ways to do this and ſuch like Queſtions 3; 
but the ſecond is the ſhorteſt and eaſieſt Method in 
my Opinion. I ſhall therefore only tell you the Way 
to work it, and leave you to try it by yourſelf at- 
large *. Obſerve then, 


METHOD 1. 


Reduce the compound Fraction I of 3 to a ſimple- 
one, which is 23. Then will the Sum be thus, Add 
4. 3, /. 5% and 54 together. Now by reducing 
the mixt Numbers 44 and FM: into improper Frac- 
tions, I have ? and Arr. Then may the Sum be 
read thus; add "2 44+ and 55 together. Theſe 
Fractions I reduce to a common Denominator (as 
in Example 3.) and find them to be 3432, 5333 and 
399. Theſe Numerators added together, and divided 
by the common Denominator 720, gives 12 in the 
Clyoriont, and 408 remaining over, 90 is the 
Anſwer, 12. $23 = 12. 11s. 4d. | 


— 


METRHOPD 2. 


The ſecond Way is certainly the beſt, becauſe you 
have no Buſineſs to meddle with the whole Numbers, 
but only with the Fractions, and then add their Sum 
to the whole Numbers afterwards. 


* It is ſuppoſed, that the Learner by this Time knows how to 
reduce mixt Numbers to improper Fractions, and Compound to Simple- 
ones, having bad ſo many Examples of both Kinds, 1 

| | he 
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The Fra#tions are 4, 4 of 3 and 11. Now 4 of + 
=+5%- Therefore add 3, +3 and 5+ together. 

Theſe Fractions reduced to a common Denomi- 
nator will be 542, 233 and 328. Theſe Numerators 
added together, and divided by the common Deno- 
minator 720, gives 1 whole Number in the Quo- 
tient, and 408 remains over. So is the Sum of the 
Fraftions only 1 428, which I add to the whole 
Numbers as follows, and have the ſame Anſwer as 


above, | 
Add 44. 
7 
1428 


OL _ ———_— — 


Anſe 12 925 as before = 120. 115: 44. 


Tyr. This Way is the beſt I ſee; becauſe if the 
whole Numbers conſiſt of many Places of Figures, 
then by the firſt Method in IE them to im- 
proper Fradtions, there will be a great many Figures, 
and a great deal of Work to reduce them to a com- 
mon Denominator afterwards; whereas, if the whole 
Numbers be ever ſo large, it makes no Alteration 
in this ſecond Way of doing it. 

_ Phi. Your Notion is right, Tyrunculus ; and I 
think you will ſoon learn to ſubtract, you are ſo per- 
fect in Addition. | 

Tyr. I will do the beſt I can, 

Phi. Well, Tyrunculus, who can deſire any further? 
' You have done well hitherto, and I hope will con- 
tinue it. We will proceed then to 


— 


SECT: 


. 
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Of SUBTRACTION of VULGAR FRACTIONS. 


Tyr. J Have heard that Subtraction is the hardeſt 
Rule in Fractions. 

Phi. It is counted ſo by moſt Learners, however, 
he that underſtands Reduction well may ſoon do it, 
as you will preſently find. 

Tyr. Pray how is it performed ? 

Phi. The very ſame as Addition, fave only you are 
to ſubtract inſtead of adding, according to the Na- 

ture of the Queſtion ; but the Rule is the ſame. For 
all compound Fradtions muſt be reduced to /imple-ones, 
and then all to a common Denominator ; after 
which only take the Numerator of the Fraction, to 
be ſubtracted, out of the Numerator of the other 


Fraction, and you have the Difterence or Anſwer as 
in common Subtraction. | 


1 Ex. 2. Es. 

From 32 From 4+ From =  * 

Take 3x Take 13 Take 52% 
Anſ. ar Anſ. 55 Anſ. hk 


Proof. 52 Proof. +4 Provf. 7%% 


Here in theſe three Examples, becauſe the Frac- 


| tions have a common Denominator, I only ſubtract 


the Numerators as in common Subtraction, and place 
the Difference over the common Denominator for an 
Anſwer, I prove the Work alſo as in common Sub- 
traction ; for I add the Numerator of the Difference 
to the Numerator of the leſs Fraction, which, if the 


Work 


38 SUBTRACTION of 


Work be right, will be equal to the Numerator of 
the greater Fraction, 

Tyr. I think this is more diverting than Addition. 
Now let me aſk you a Queſtion or two if you pleaſe, 


EXAMPLE 4. 


| From 33 take 5+. 

Phi. Firſt, I reduce the Fractions to a common 
Denominator, and find them 443 and 122, then IL 
ſubtract the Numerator 60 from the Numerator 143, 
and there remains 83 ; which placed over the com- 
mon Denominator 165, gives 224 for the Difference, 


- 


EXAMPLE 5. 


From % of 7 take 5 of 5. 

That is, from I take 23. Theſe reduce to a 
common Denominator, it will be, From 435 take 
728. Now theſe are prepared for Work; therefore 
by ſubtraQting 96 from 420, I have 324 remaining. 

So is 328 the Difference between 4 of 3 and g of 4. 
Tyr. There can be Nothing eaſter than theſe Ex- 
amples ; he that underſtands Addition cannot miſs 
Subtraction indeed. But ſtil] I have taken Notice of 
one Thing, which perhaps if I mention you will 
laugh at me. 

Phi. Why ſhould you think ſo ; that would be 
highly baſe in me, when I have before deſired you 
to aſk me any Thing that you are doubtful of; there- 
fore pray let's hear it, it may perhaps be of more 
Service than you are aware of! 

Hr. Itis this then: In all the foregoing Examples 

I perceive that the Numerator of. the Fraction to be 

ſubtracted is leſs than the Numerator of the Frac- 
tion you ſubtract from, which makes all the Examples 


quite 


les 


Ac- 
zles 
uite 
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quite eaſy: But ſuppoſe the Numerator of the Frac- 
tion to be ſubtracted be larger than the other Prac- 
tion, Where can I take it out of then, and how muſt 
I proceed in ſuch a Caſe ? 3 

Phi. You were afraid I ſhould laugh at you, but I 
aſſure you it is a very material Queſtion, for this is 
the moſt difficult Part of Subtraction that Learners 
meet with. The Rule then is this ? 

N. B. When the Numerator of the lower Fraction 
(that is, the Fraction to be ſubtracted) is larger than 
the Fraction you ſubtract from, then take the ſaid 
Numerator out of the common Denominator, and 
to that Difference add the top, or leſs Numerator, 
ſo ſhall this be a new Numerator to be placed over 
the common Denominator, and you muſt carry one 
for borrowing out of the common Denominator, as 
you do when you borrow in common Subtraction, 
when the lower Figure is larger than the 'Top-one. 

Tyr. This is quite plain, and eaſy enough to be 
performed I ſhould think. 

Phi. Eaſy; can a Thing be hard, when the 
Rule laid down to work it by tells you how to pro- 
ceed in every Reſpect? However, I will try you 
with a Queſtion. 


EXAMPLE 6. 


From 24J,. +5, take 19. 18. Ns 

Tyr. I try to ſubtract the Numerator 6 from the 
Numerator 5, but cannot; therefore by the Rule I 
take 6 out of the common Denominator 10, and 
there remains-4, to which I add the leſs Numerator 
,and that makes q, which Iplace over the common 
8 IO, and it is 23. Then becauſe I 
borrowed out of the common Denominator 10, I 
carty 1 to the whole Number 19, and it makes 20, 


which 
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which I ſubtract from 24, and there remains 4. So 


is the Difference 4£. 18 as under. 


ExAMP. 7 
1 54 
From 24 55 From 41972 
Take 19 18 Take 147 45 
Anſ. 418 | Anſ. 271 55 
Prov/dasin Ex. 24 58 * Proof 419 53 


Phi. A Proof of EXAMPLE 6. by common SubtraQtion, 


From 24 5, that is, 24. 10, by Caſe 9. of Reduction. 
Take 19 13, that is, 19. 12 


Anſ. 4 58, that is, 4. 18 Difference, 


Proef 24 185 that is, 24. 10 


Tyr. This is pretty to ſee the Proof of one Rule 


of Arithmetic by another. 


Phi. You may prove any of the four Rules in 
Fractions by common Arithmetic as well as this; for 
they will come exactly alike if you proceed in a 
right Manner. Well Tyrunculus, you ſeem to me 
to be qualified for Multiplication, but I have a Fancy 
totry you with one Queſtion more, which will make 
you Matter of Subtraction, 


* 
Ex- 
- 
— 
- 


— 1 ax 


X* 
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EXAMPLE 8. 


A lent B 240. of 4 of 5; and B paid him 176J.. 
| 77 e 

Hr. I proceed thus: 

A 240%. 2 of 3 of 3; and B 176f. J of 12: 
Now 42 of J of $=;3?; and J of kz. Then 
and z, reduced to a common Denominator, 
will be +4332 and 43425, Thus are the Fradtions 
prepared, and will ſtand thus. 


8 
Alent B 240 2348 ä 
B paid him 176 432128. Then by Ex. 6. 


I find the Balance 6334525; which, (by Caſe . 
in Reduction) is 63. 1 15. 2d. 19, $3739, 

Phi. I muſt needs ſay it is a Pleaſure to me to in- 
ſtruct you, Tyrunculus. I have but one Thing more to 
obſerve to you, and then we will go to Mulliplication. 

Note. When you are to add or ſubtract the Frac- 
tion of a Farthing or a Penny from the Fradtion of 
a C. or Guinea, &c, then (by Caſe the 8th, in Re- 
ductian) reduce the Fraction of the one, and make it 
equivalent to the Fram of the other, and add or 
ſubtract as the Queſtion requires, you have the An- 
ſwer. And thus much for Subtraction. 


0 
* 


„„ WR: 
MULTIPLICATION of VULGAR FRACTIONS, 
Tyr. * is Multiplication of Fractions per- 


formed? | 
Phi, As in common Arithmetic, ſo alſo here are 


* 


* 
?ü — — g . 2 r D —U m .. „ 


two Parts or Factors given. viz, the Multiplicand and 
a | Multiplier, | 


„ 
a 
—— 
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Multiplier. When therefore you have reduced the 
mixt Numbers to improper Fractions, and the com- 
pound to ſimple Fractions, the Rule is, multiply the 
two Numeratorg together for a new Numerator, and 
the Denominators together for anew Denominator, and. 
you have the Product or Anſwer ; which, if it bean 
proper Fraction, reduce to a mixt Number, and the 

ork is done. 


EXAMPLE 1. 
7 Multiply + by 5. 
r 
EXAMPLE 2. 


Multiply 43 by It. 
Here 42 * 24 = 1008 N. N. and 56 x 38 = 
2128 N. D. Anſ. 212. 

Tyr. Nothing is eaſier than this indeed. Pray 
try me with a few Queſtions ? 

Phi, I will; and J am fully perſuaded that you 
will work mon of them, if you. rightly obſerve the 
Rule, which pray look at once more, leſt you be 
not perfect in it, 

| ExXAMPLE 3. 
Multiply 4163 by 45 

HBr. Firſt 476 mw = 52 10 for N. N. and 
929 26 N. D. Anſ. SH =255 181 

Phi, You are very right. 


N 


EXAMPLE 4. 


Multiply + of 5 by 5 of . 

Tyr. Firſt + of 3 = 42; and 3 of 3 = 34; there- 
fore I multiply 48 by 32, and the Anſwer is 1880 
Now I'll aſk you one, if you pleaſe. 
Phi. Pray do. 


Ex- 


— | ©«A«S4 oo ea 
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EXAMPLE 5. 


Tyr. Multiply 410. + by 12. 4. 

Phi. Theſe being mixt Numbers, they are equal 
to improper Fractions, that is 414 = £22; and 12 
3 = A; that is, 222 and A. Now 209 X 51 = 
10659; and 5 * 4 = 20; ſo that the Anſwer is 
39659. which reduced to a mixt Number, is 53213 3 
that is 532. 19s. | 
7 Tyr. Now I think I can do any Queſtion in this 

ule. | 

Phi, Perhaps ſo; but it runs in my Head that 1 
can puzzle you in one of the two next Examples. 


EXAMPLE 1 


Multiply 14. 1 of 5, . 3 of 34. 

Tyr. 1 2 I can 4% ch l SL of 5 = 35, 
viz, = +; and. 3 of 45 = 38, viz. = 1. There- 
fore I multiply 14. £ by of. z. Theſe reduced 
to improper Fractions will ſtand thus; multiply A by 
22. Now 117 * 19 = 2223 N. N. and 8 & 2 = 
16 N. D. that is, 2234 Anſ. = 138 43 =138L. 18s, 
9d. 
Phi. Very well done; and the better becauſe you 
abbreviated the Fraction $5 and 25; for which you 
will ſee the Reaſon given in the Method of Abbrevi- 


ations, Dialogue 4. Set. 2. Now for the ſecond 
Queſtion, Tyrunculus. 


EXAMPLE 7. 


© Multidh 14. $by 13. 
Tyr. Let me ſee 14. 5 by 13/.—Why here is 
but one Fraction given. I believe you have ſet me 
now indeed, 
Phi. 
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Phi. It was but this Inſtant that you ſaid, you be- 


lieved you could do any Sum in the Rule. —Why 
- don't you make a Fraction of the whole Number 132 


Tyr. I muſt know how firſt. 
Phi. O for Shame, don't you know, ſo plainly 
as I told you in Dial. 2. Obſerv. 4. Pray don't for- 
get your former Inſtructions, and then blame me; 

thought this would put you to Nonplus: How- 
ever, it is the firſt great Error you have committed, 
ſo we will paſs it by ; but pray be more careful for 
the future, I told you to make a Fraction of a 
whole Number, is only putting Unity under it. 
Thus 13 is = 4. 

Tyr. I bluſh to think I ſhould be ſo remiſs. How» 
ever, parden me, I know now eaſily how to per- 
form it: For 14 & = 33%; and 13 = ; therefore 
by multiplying zg by i, I have 223=1893 ; that 
is, 189%. 45.' 5d. 44 or 4 of a Farthing An/. 

Phi. Very right, Tyrunculus ; and now I ſhall 
make ſome Obſervations, which, tho' already known 
to ſuch as are well verſed in Vulgar Fractions, yet, 
as they are not taken Notice of by any Author I am 


acquainted with, it may be ſerviceable ta you and 
others. 


NorE 1. 


When one ſemple Fraction is multiplied by ano- 


ther, the Product will be a ſimple Fraction, therefore 
the Anſwer is leſs than Unity. It will be alſo leſs 
than Unity when one compound Fraction is multiplied 
by another, provided they be compounded of ſimple 
Fractions. (See Obſerv. 1. Dial. 2.) Thus in Example 
1 where + is multiplied by 4, the Anſwer is but 2; 
that is, +of a C,. multiplied by 4 of a ,. is but x of 
a C. or 10 Shillings. | 


Nor. 


Gb mand 


„ 
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 NoTE 2. 

Contrary to this, one improper Fraction multiplied 
by another is more than Unity. Thus if you take 
the Fractions in Example 1. and invert them, it will 
be ; of a /. multiplied by Sof a Z. and the Anſwer 
will be 42 = 2 whole Integers, or 20. So that the 


Product now is juſt four Times more than it was be- 


Tore. 


NoTE 3. 


When a /imple Fraction is to be multiplied by or 
with an improper Fraction, the Product will be ſome- 
times a ſimple, and ſometimes an improper Fraction, 
Thus ; multiplied by * produces the /mple Fraction 


4+ but 3 multiplied by 4 gives 45 an improper Frac- - 
tion for the Anſwer. | 


NoTE 4. 


When the Numerator of one Fraction is equal to 
the Denominator of the other, and the Denominator 
of it equal to the Numerator of the other, then will 
their Product be Unity or 1. Thus 3 multiply'd by 
2, the Product is $3=1. (See Dial. 2. Obſerv. 3.) 


So alſo A of a L. into of a C. = /. 


Tyr. Theſe Obſervations are of great Service to 
round any one in the right Notion of Multiplication. 
But pray is there no Method to prove this Rule? 
Phi, Certainly there is; and this is the Beauty of 
Arithmetic, that it admits of the Proof of itſelf divers 
Ways by divers Rules. For Inſtance, Suppoſe 23 of 
a£ Ya multiplied by A of a Z.the Anſwer is422 
= 20, | 
PROOF, 


Now 27 = 4L. and 23 =5, and 4 x 5 20%. 


as above, &c, c. Cc. | 
, Tyr, 


__ DIVISION of 


Thr . I am highly obliged ta you Philomathes, for 
our Care in giving meſo many Examples. Pray 
is there any Thing more worthy my Notice, or ne- 


ceſſary to be known in Multiplication ? 


Phi. Nothing: I have indeed been more parti- 
cular already than I intended ; therefore I ſhall paſs 


directly to Diviſion. 


is ln —— —_— ä * — „* a * _ „ 


— * 


SECT. IV. 


Of DT VISION TVVICGCAR FRACTIONS. 


Tyr. H O W do you divide one Faction by ano- 
| 1 ther? | 


RuLE 1. 


Phi. After having reduced all mixt Numbers and 
compound Fractions as before directed, to ſimple or im- 
proper Fractions, the Rule is, Multiply the Numera- 
tor of the Fraction to be divided into the Denomina- 
tor of the Fraction you divide by, and place their 
Product for a new Numerator ; then multiply the 
Denominator of the Dividend into the Numerator 
of the Diviſor for a new Denominator, which place 


under the new Numerator for an Anſwer, Or, 


RuxE 2. 


If you invert the Diviſor, that is, tu rn it into 
contrary Order, by ſetting the Numerator under- 
neath, and the Denominator over it; then multiply 
the Numerators and Denominators together, as in 
Aultiplication, and you have the ſame Anſwer a8 
above. | F 

X* 


ky =, = we 
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EXAMPLE 1. by RULE 1, | j 
Divide g by l Anſ. $4: | 

Same ExameLe by RULE 2. 
Multiply & by . Anſ. 21. 


(- 
\ 
ExAMPLE 2. by RULE 1, | | ( 
Divide 1 by 1. Anſ. *3+=2 $4, 
Same EXAMPLE by RULE 2. 2 
Aultiply r by Ig. Anſ. £54 as before. 


Tyr. I like the ſecond as well as the firſt Way. 9 

Phi. Uſe which you pleaſe, provided you are but 
perfect in either. There is no Occaſion for any 
more Examples, ſeeing that you have a Rule both 
for ſimple and compound Fractions. However, I'll give 
Jou an Example or two more by Way of Exerciſe, 


1 | 
Na EXAMPLE 3. ö 


or Divide 41. L by 6. 1 that is, divide 223 by 4. 
"” Anf. 115 8 67 ap 3 that is 6. 5s. 7d. 283. 
And after the ſame Manner for compound Fractions. 
Tyr. I underſtand you quite well. 27 is there 
any Thing elſe to be obſerved in Diviſſon 
Phi, I ſhall make a few Remarks upon the Rule 
itſelf, which may be'of Service. 


Nor E 1. 


When an improper Fraction, having Unity for its [ 
Denominator, is to be divided by a np Fraction, | 
whoſe \, |! 
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whoſe Numerator is alſo Unity, the Quotient will 
always be an improper Fraction, having Unity for its 


Denominator,.and therefore conſequently equal to 
a whole Number, 


NoTz 2. 


When the Denominators or Numerators are not 
Unity, the Quotient will ſometimes be an improper, , 
and ſometimes a ſimple Fraction, 


Nor E 3. 


From hence it is eaſy to perceive, that Diviſſon of 
Fractions will anſwer the ſame End as common Mul- 
riplication: That is, a leſs Number may be brought 
into greater V * contrary to common 
Diviſion, viz. Moidores, Guineas, or Pounds Ster- 
ling into Pence and Farthings; or Hundred- Weight 
into Pounds and Ounces, &c. | 

Tyr. What do you ſay, Pounds may be brought 
into Pence and Farthings by Diviſion? I thought 
Diviſion had made any Number 4% and not more / : - 

Phi. It is true, it does ſo in common Divi/ion, Mou 
but it is quite contrary in Yulgar Fractions ; for here, 7; 
more is brought into Jeſs by Multiplication, and 4% ha 
into more by Diviſion. | = lis 

Tyr. I ſhould be glad to ſee an Example of this Wy, 
Sort if you pleaſe ; for I have heard ſome great Pre- 
tenders to Arithmetic ſay it cannot be done, tis con- 
trary to Reaſon, of! SSR — | 

Phi, Pleaſe then to propoſe a Queſtion yourſelf! 


Ex- 


— — — — 
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EXAMPLE I. 


Tyr. It is required to bring 30 Moidores into Far- 
things by Diviſion only? 


Phi. And cannot you do it think you? 
Tyr. Why really at preſent I am at a Loſs, 
Phi. Pray be pleaſed to read over Note 1. in Mul- 
tiplication and Diviſion, for it is only for Want of 
being perfect in them, and truly underſtanding the 
Nature of different Fractions- 


Obſerve then, 


As one Part of the given Queſtion is Farthings, 
and the other Moidores, I reduce (by Caſe 8 in Re- 
duction) a Farthing to the Fraim of a Moidore, 
which Fraction I make a Diviſor; and the whole 
Number 30 I make a Fraction of alſo for a Dividend; 
ſo will the Quotient be the true Anſwer. See the 
Mort. 
nt By Caſe 6. of Reduction of Ir of 27 2806 of 
ut Moidore for a Diviſor; and 3o will be 2. Now 
2 — 12906 — 122 3 that is, 38880 Farthings. Do 
n, ou underſtand it? 

re, D. Yes, quite well; I could not have thought 
t had been ſo eaſy: But pray what does this Mark 
- lignify ? 


—— — 


his 5 Phi. It is the Sign of Diviſion, and 
re- ae ſhews, that the Number before it is to 


be divided by the Number after it. 


Tyr, Very well. Pray'try me with a Queſtion of 
is Sort? 


f; 


222.„%6 A A EO a —— e - 
on —.— — — 1 _ 
e- _ 


D Ex- 


Ex- 


30 DIVISION of, Se. 


EXAMPLE 5. 


Phi. It is required to bring 84 Guineas into Farthings 
by Diviſion only. 


Jr. I find (by Caſe 6. of Reduction) a Farthing 
to be equal to res of a Guinea, Then + 
T6533 = 84072 Farthings Anſ. 

Phi. Very right, and pray remember that the 
ſame is to be done by Decimal Fractions, by finding 
the Decimal of a Farthing at a Moidore or Guinea 
the Integer, and dividing the whole Number thereby 
you will have the ſame Anſwer. 


From hence will naturally ariſe the ſelf-evident 
Truth of ; 


NoTE 4. 


That when any whole Number is divided by a 
ſimple Fraction, the Quotient will be ſo much larger 


than the Dividend as the Diviſor is leſs than Unity; 


but when a /imple Fraction is divided by a whol: 
Number, the Quotient will be ſo many Times leſs 
than the Dividend as the Diviſor exceeds Unity ; 
1 5 divided by + is equal to 20; but F=5 = 
ut 28. 
And thus, Tyrunculus, having finiſhed theſe four 


Ciſe you in them with ſome practical Queſtions in 
the Rule of Proportion; which, if duly obſerved, 
will make you a compleat Maſter of Vulgar Frac- 
tions. | by 


- 


D I A- 


Rules with Variety of Examples, I ſhall now exer- 


The RULE of THREE, Ce. 51 


YE NE FE IE pe pe pe ME, 


DIALOGUE IV. 
KT. 1 


The RULlE of ThREE, in VULGAR FRACTIONS» 


Tyr. J Am proud to think I am got thus far, and 
yet I almoſt dread the Queſtions you are 
oing to ſet me. 

Phi. If you be perfect in the foregoing Rules, you 
have no Reaſon to fear this at all; for it is nothing 
elſe but putting the others in Practice. 

Tyr. Is not the Rule of Three of 7: ans wrought 
in the ſame Manner as the common Rule of Three 
Direct ? 

Phi. The very ſame, due Regard being had to 
; the Fractions. There are two Methods, the ſecond 
je of which is (in general) the readieſt and caſieſt; but 
is [W you may take your Choice. 


= RULE 1. 


Having reduced all compound to ſimple Fractions, 
ur and all mixt Numbers to improper Fractions, then ſtate 
r- your Queſtion by making the firſt and third Num- 
in ber of one Name or Denomination ; this done, Mul- 
2d, N tiply your ſecond Number by your third, and divide by 

your fit, and you have the Anſwer, Or, 


405-222; 


Having reduced the Fractions, and placed the 
Numbers in Order as before directed, Multiply the 
Denominator of your fir/t 5 umber into the Numerators 

2 of 
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of the 22 and third for a new Numerator ; then 
multiply the Numerator of the firſt Fraction or Num- 
ber into the Denominator of the ſecond and third, for 
a new Denominator, which place under the new Nu- 
merator for an Anſwer, 


EXAMPLE I. 


If 5 of a Yard coft 5 of a ,. what oft 25 1 Yards, 
| If & 8 25 8. 


O 


Or, by RULE 2. 


Having ſtated the Queſtion thus, If 1 — 3 — **5. 
multiply the Denominator of my firſt Number (viz. 4.) 
into the Numerators of the ſecond und third (viz. 5, 
and 205) and it gives 4100 for a N. Numerator. 
Then I multiply the Numerator ef the firſt (viz. 3.) 


into the Denominators of the ſecond and third, (viz. G, 


and 8) and it gives 144 for a N. Denominator. So is 
the Anſwer 172, = 28 C. +53 as above. 


Tyr. I think as you ſay this ſecond Method is the 


beſt, if it were only becauſe it ſaves the Trouble of 


Diviſion. 


Phi, It is the beſt Way in your plain eaſy Queſt- 


ions, but in ſome Reſpects the firſt Method is moſt 


practicable ; however, either Way you ſee anſwers 
the 
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the ſame End, and therefore you may take either 
of them, as Practice or Fancy may direct. 


Tyr. I ſhall take Care to be perfect in both. Pleaſe 
to try me with a Queſtion ? | | 
Phi. I will. 


EXAMPLE 2. 


If a Load of Wheat off 75 C. At, what oft one 
Bujhel ? 


Tyr. A Load being 40 Buſhels, I ſtate it thus: 
If 23 — £7 3t — 1 | 


% 24 Now Z x + = £33; this 
— *? = 385 of a . which reduced, the Value of 


it is 35. 9d. x Anſ. 


SEcond Way. 


Firft I reduce the mixt Number 71? to an improper 
Fraction, and it is £34, as above, then the Num- 
bers will ſtand thus : 


If 9 — 4 —+ 
Now 1 * 182 X 1 = 182 N. N. and 40 x 24 
* I = 960 N. D. So is the. Anſwer 3555 = 35. 
94. 2, as before. | 
Phi. Very well done, Tyrunculus, 


D 3 Ex- 
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EXAMPLE 3. 


What Fo the Intereſt of 219 {,. + for a Year at 5 L. 
per Cent? 


Tyr. Here I muſt crave your Aſſiſtance, 

Phi. You ſhall have it in Words at length. 

Firſt, If 2 5+# 21954. My 24. 
and 3d. Terms being mixt Numbers, I reduce them 
to improper Fractions, and they are #4 and 2225 
Now af x 2223 = 472274; this = the 1/7. Num- 
ber r gives £7334, which reduced to a mit Number 
is 11 L. 1888, viz. 11. 165. od. 3grs. 4888 = 
488 = x2. Try it at Leiſure by the ſecond Method. 

Tyr. I could not have thought Vulgar Frafinms 
had been ſo uſeful. 

Phi. Nothing more neceſſary than theſe and De- 
cimal Fractions, for the ready finding the Intereſt or 
Value of any Thing, eſpecially when the Queſtions 
are not in whole Numbers, as you will ſee by the 
tolllowing Examples, 


EXAMPLE 4: 


A Merchant makes an Aſſurance upon a Ship and Cargo 
(bound to a certain Part) valued at 4500 ,. 155, 
and agrees to pay 16 Guineas per cent. what comes 
the Premium or Charge of the Aſſurance to? 


Firſt, 16 Guineas being 16 /. 165. this in Frac- 
tions is 10 35 = 164; and 4500 /. 15s. is 4500 fl. 
This and 16 + reduced to zmproper Fractians will be 
E and £5223, Then will the Number ſtand thus: 


8 3 
If 422. 4 18993, 


Now 


Now by Rule 2. 1 x 84 x 18003 = 1512252 
N. N. And 100 * 5 x4= 2000 N. D. So is 


1512252 


7:55 the Anſwer, which reduced to a mixt Num- 


ber, you have . 756 x35 = 7504. 25. 6 d. 2888 
4 


OT 288. 
EXAMPLE 5. 


A buys of B 8 420 3 Steck and gives L. 95 4 per 


ent. what comes it to? 


mn 
[> 


Firſt, 4205 = and 95 + = . Then, 
| Bram: 422, 
Anſ. 24433 = 402 /. 195. 11 d. 29rs. 138. 
The Proof of this is worthy your Obſervation, 
Tyrunculus, to ſhew you the Beauty of Fractions, 
which I inſert purely for your Satis faction, to give 
you a juit Idea of Things of this Nature, 


PROVED anther WAyv. 


Firſt, C. 95 F per Cent. wants L. 47 per Cent. of 
being Cent. per Cent. therefore the Queſtion may be 
read thus: ; 


IWhat come L. 420 7 to, dedufting C. 4 % per Cent? 
Then, 

45 420 f. 

Work as in the laſt, and you will have £5423 = 


17 L. 135. 4d. 19. 5433 Anſiber. Now this added 
to the foregoing Sum 402 /. 19s. 114. 2 grs. 188 


If 202. 


is equal to the original Stock propoſed, viz. C. 420 7 


= £20 . 17s. 44. 
Tyr. Indeed, Philomathes, this is delightful ; pray 
continue your Examples. 
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Phi. T am as ready to do it as you are to aſk; 
but remember Tyrunculus, by Way of Digreſſion, 
We F cut our Garment according to the Cloth: ] 
have already given more Examples than I intended ; 
but ſtill, if you have any particular Queſtion to aſk 
me, I am ready to do any Thing that may be of 
Service. 

Tyr. Sir, you are extreamly kind to indulge me 
thus far; but what I have to add is this, That by 
what I have ſeen of this Rule, it muſt be very ſer- 
viceable to tell the Nature or Proportion of Coins: 
Is it not ? Ty 

Phi. To be ſure it is, efpecially when the different 
Sorts of Exchange with ſome other current Money 
is not altogether equal to our Pound Ster ling, 


Tyr. 1 will aſk you a Queſtjon then, 


EXAMPLE 6. 


A Merchant in Holland draws a Bill upon his Corres 
ſpandent in London for 4280 Ducatcons, at C5. 
3 d. 3 each; what muſt he receive in Pounds Ster- 
ling ? 


If 3 —— 6s. 34. 3 —— 2-7, 


Firſt, bring the ſecond Number into Pence, then 
multiply them by the Denominator 5, and take in 
the Numerator 3, ſo will the Numbers be + 
37% and f. Now, by Rule 2. 1 X 378 X 4280 
= 1617840 N. N. And1Xx5 NIS 5 N. D. So 
is 4g the Anſwer in Pence, wiz. 323568 = 
1348 /. 4s. od. 

Tyr. Pray prove the Work by whole Numbers ? 

Phi. That is done very eaſily by Practice, or ſe- 
veral other Ways. But for common Underſtand- 


ing, I know none better than this: Firſt, find the 


Value 


* 
e 
h 
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Value of 4280 Pieces, at 6 s. 3 d. (that is, at 7 5d.) 
each, and it is 3210004, Then you have got to 
find the Value of 4280 Pieces, at + of a Penny 
each; therefore by multiplying 4280 by 3, and di- 
viding by 5, you have 2568 Pence, which added to 
the other, will give you the Anſwer as follows: 


4280 Pieces at 75 4. = 321000 
Ditto, at 3d. = 2568. 


Ditto, at 75 3 d. 323568 d. = 1348 /. 
45. O d. as above. 
Tyr. Then I am always to multiply by the Nu- 
merator and divide by the Denominator in ſuch 
Caſes; am I not? | 
Phi. I know no eaſier or ſhorter Way I aſſure 
ou. | | 
: Tyr. It is eaſy enough indeed as you ſay; and I 
am obliged to you for ſo plain a Demonſtration : 
Give me Leave to aſk you a Queſtion ſtarted the 
other Day in my Company, and I'll have done. It 
is this: 


* 


EXAMPLE. 7. * 


A poor Man dying leaves 20 Shillings to his four Sons, 


A, B, C, and D; to A he left 3, to BA, to C, 
and to D z, with a particular Charge that the Hhsle 
might faithfully be. diſtributed among them; it is 
demanded what each Legacy amounts to ® 


Phi. I have not room to inſert the whole Work, 
but will plainly tell you the Method of..doing any 
Thing ot this Sort. : 

| * 
This and the foregoing Example were added by Defire of a Friend. 
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Firſt, I take the 3, 4, 5, 4 of 205. and adding 
the Parts together, I find the Sum but 19 5. So that 
the Executor has 15. in Hand, and the Will is not 
fulfilled. Then ſay, If 195. give 3, (viz. 65. 84, 
what will 20s. give? Proceed thus with the reſt, 
and you will find the Anſwer to be as under : 


A's Share © 7 054% 


Bs WW 38 
Cs — © 4 243 
D's o 3 675 

Sum 1 © © 8 


This ſhews the Parts are not always equal to the 
Whole, but ſometimes leſs and ſometimes more; 
for had he left the z, 5, &, and the Jof 20s. it 
would amount to 25s. 84. which you ſee is 55s. 8 d. 
more than the Whole, though each Part ſeparately 
ſuch an equal Part of the Whole without any Rc- 
mainder, Their Shares then is of the 55s. 8d. are 
found as above only now ſaying, If 25s. 8d. be 
205. what will + or 10s. be, Ce. 

Note, By the ſame Method is found the particular 
Shares of every Creditor when a Man breaks or 
comes a Bankrupt ; as alſo how much in the J. his 
Effects amount to. 

Tyr. I return you hearty Thanks, Sir, for your 
Care; and do aſſure you that I underſtand the Na- 
ture of what I have ſeen very well. 

Phi, I am glad of it, Tyrunculus; but you will 

be more confirmed in the Knowledge of Fractions, 
and will know better how to apply them to Uſe, if 
I ſhew you ſomething of the Nature of Abbrevia- 
ions. 
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Tyr. HAT is the Uſe of Abbreviation 2 

Phi. The right underſtanding of AI- 
breviations will mightily help to ſhorten the Work, 
and fave a Multiplicity of Figures; beſides without 
them it would be quite difficult to perform ſome 
Queſtions, at leaſt very tedious, as you'll ſee by 
and b 

Tyr. 4 What would you have me firſt abbreviate 
the Fraftions before I begin the Queſtion ? 

Phi. To be ſure I would when they will allow 
of it; for if you remember you did it yourſelf in 
Example 6. in Multiplication. 

Tyr. I believe 1 did; however, let me have an 


Example or two, that I may the better underſtand it, 
Phi. You ſhall, 


EXAMPLE I. 


If +54 of a Load oft 537 MAR! whit cet 12 37, 


8 1178 21 353 = and 53 21. T. 5 


fore the Sum may be thus read: 


If 4 of a Load ceſt % of a {. what of 12 1 Loads, 


Anſ. V. 8 72 = . 55. Now is it not eaſier to 
work with 4+ 5 and g than with the original Frac- 
tions 18 54% and 3%? 

Tyr. | ſee the Thing; it appears quite plain to me 
now; and I ſhall take Care to obſerve it. Is this 
all you have to ſay upon Abbreviations ? 


D 6 Phi. 
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Phi. No; I have ſomething more to add, where- 
in you will ſee the Beauty and Uſe of Abbreviations 
more plainly : Beſides, your Friend Diſcipulus deſired 
me to communicate it to you, as very tew or none 
have taken notice of it in their Writings, 

Tyr. Pray what is it ? | 

Fhi. It is, To know whether a Fraction, when 
abbreviated, (or reduced to its loweſt Terms) be equi- 
valent in all Reſpefts to the original, or given Frac- 
uon. 

Tyr. I know no Method of proving it, but by 
comparing the Value of one with the Valve of the 
other; thus I find 54 of a ,. is equal to 13s. 44. 
and] find 3 of a ,. to be the ſame; therefore I con- 
clude that ; is = 3+. 7 

Phi. It is right; but ſuppoſe you could neither 
abbreviate a Fraction, nor yet find its Value, how 
then would you act? | 

Tyr. That I do not know. 

Phi. Indeed, Tyrunculus, though you can work 
the Rule of Proportion pretty well, you are no great 
Judge of the Nature of it I ind. Obſerve then, 

Firſt, As the Numerator of the Fraction, in its 
Izweſt Terms, is to its Denominator, ſo will the Nu- 
merator of the original or given Fraction be to its ewn 
Denominator + Or, as one Numerator to the other, |: 
will one Denominator be to the other, &c. 


EXAMPLE 2, 
To prove whether 5 be equal to +54 or 155 4210 


Firſt, as 3 to 5, ſo is 84 to 140: Or, as 3 to 
84, ſo is 5 to 140, Sc. Again, As 127 to 180, 1o 
is 20480 to 43200, c. Sc. Se, 

| Tyr, 
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Tyr. I am yet more obliged to you Philumathes; 
for this muſt infallibly prove what you have ſaid ſure | 
enough, | 

Phi. Since you are ſenſible of this, Tyrunculus, I 
will ſhew you another Way to prove it much ſhorter | 
and eaſier than the former, | 

Second, When you have reduced any Fraction to 
its loweſt Terms to prove whether it be right, mul- 
tiply the Numerator of the original Fraction, by the 
Denominator of the abbreviated one; and the De- 
nominator of the Original, by the Numerator of the 
abbreviated one; and if the Products are equal, your 
Wark is rightly performed. Thus, take the two 
Fractions above, viz. 148 = 3. For 3 * 140 = 
420 and 5 x 84 = 420. Again, 43188 = 445: 
For 30480 * 180, and 43200 X 127 are both equal 
to 5480400. | 

Tyr. This is ſhort and eaſy indeed ! a 

Phi. I will now 5 you an Example or two to 


St wn pn — — 


o _— . *”. _ — — 
- L nr IIS 2. 


k ſhew you that the Knowledge of Abbreviations are of 
at more Uſe than you imagined, | 
it EXAMPLE 3. 
5 A and B are two Merchants, but * different Places; 
; A owes B 46 125. 9d. Now L 100 of A's 
/ current Money is equal to 140 ,. i B's; what muſt 
A pay to remit the aforeſaid Debt? 
| See the Work. | 
g | | 4 4. A. f : 
80 46—12—9 | 
to £ 5 |. 
1 as 3 
a 7)233—3—9 I 
is WT r 9 


yr. 


} 
\ 
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Tyr. This is ſhort indeed ! 

Phi. But you know the Reaſon (I hope) of my 
wt WARE; and dividing by theſe Figures; do you 
not 

Tyr. Stay, let me conſider a little upon it. I 
ſee the Reaſon now plain enough. They are in 
Proportion to each other as the current Money of 
the Places are, I perceive ;- that is, 178 ; for as 
5 to 7, ſo is 100 to 140. Is not this the Reaſon ? 
Phi. Moſt certainly: For I can multiply and divide 
better by 5 and 7, than by 100 and 140; beſides, 
how much ſhorter is this, than to work it at Length 
by the Rule of Three direct. So alſo if 108 C. of A's 
be equal to 45 J. of B's, then I multiply by 5, and 
divide. by 12, becauſe 545 = 55, and the Anſwer 
will be 194. 85. 7 d. 4. Try you at it, ſuppoſing 
105 L. of A's be equal to 165 /. of B's. 

Tyr. I will, Sir, and I heartily thank you for this 
additional and uſeful Obſervation. 

Phi. The Pains I have taken I ſhall count a Plea- 
ſure, if you make but a good Improvement: And 
let me perſuade you not to meddle with Algebra till 
you are perfect in Fractions; for if you do, you will 
not be able to make a right Judgment of the Pro- 
blems, much leſs know how to do them, If you 
think you underſtand what you have done, there 
remains but one Thing more before you enter upon 
Algebra, and that is, that you learn the Sigus and 
Characters therein uſed. 

Tyr. You have ſhewn me ſome already, 

Phi. I know it: But there are a great many more; 
therefore I ſhall write them down, and give you 
them Home, 'that you may learn them by-Heart be- 
fore I ſee you again; which, though Lam always 
glad of, yet, upon this Occaſion, I neither deſire 

| | nor 
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nor expect, till you have learnt them ſo perfectly, as 
to know their Meaning the Moment you ſee them. 
Tyr. You may depend upon it, Philomathes, in 
a ſhort Time: Where be they; 
Phi. Stay a little. Here, Tyrunculus, here 
they are, and I wiſh you well to learn them. 
Tyr. 1 heartily thank you, Philomathes, and am 
your Servant, | 
Phi. I am yours, Tyrunculus. 
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An EXPLANATION of the PRINCIPAL SIOS 
and CHARACTERS wed in ALGEBRA, 


Is HIS Character (+) is the Sign of Addi- 
tion, and ſignifies, that the Numbers or 
Quantities between which it is placed, are to be add- 
ed together in one Sum. Thus, 3 + 5 ſhews, that 
3 2nd 5 are to be added together. It ſtands for the 
ord more alſo. Thus, 5 + 4 + 7, is read, 5 
more 4, more 7, which make 16. So alſo, a + 6 
+ c + 4, ſhews, that a, ö, c, and d, are to be add- 
ed together. 


2. This Character (—) is the Sign of Subtrac- 
tion, and ſignifies, that the Numbers or Quantities 
which come after it, are to be taken from the Num- 
bers or Quantities which ſtand before it. Thus, 
a + 5 — c, ſhews, that the Quantity c is to be 
taken from the Sum of à and 5. It ſtands for the 
Word 1% alſo. Thus, 9 — 5, is read, 9 4% 5, 
which is 4; and b—9 is b leſs 9, and ſhews that 
9 is to be taken from the Quantity 5, Oc. 

| | Nate 
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Note farther, That (+) ſignifies a poſitive or af- 
firmative Quantity, or abſolute Number; but (—) 
lignifies a fctious or negative Quantity or Number; 
a Want or Deficiency. Thus — 8 is 8 Times leſs 
than Nothing. So that any Number or Quantity 
with the Sign + being added to the ſame Number or 
Quantity with the Sign—, their Sum will be equal 
to Nothing. Thus 8 added to — 8 is equal to (o) 

but — 8 taken from + 8 is = 16. (See Caſe 2d. 
in Addition and Subtraction of Algebra.) Again, 

An Aſteriſk (*) is frequently uſed for a Cypher 
in Subtraion, that is, b + c taken from b + c, 
there remains * or Nothing. 


3. This Character (*) is the Sign of Multipli- 
cation. It ſignifies into, or multiplied by. Thus, 4 * 
5 X 3, ſhews, that 4 is to be multiplied by or into 
5, and their Product into or by 3. So alloa x b 
c X d, ſhews the continual MAultiplication of a, 
b, c, and d. 

(+ When Quantities are placed one after another, 
without any Sign or Character, it ſhews their Mul- 
tiplication. Thus ab is a X b, or a multiply'd by 6. 
So abed ſhews the Product of à into h; into c into 
d, Sc. Joining of Quantities therefore is multiply- 
ing them together. 6 


4. This Character () is the Sign of Divi/ion, 
and ſignifies that the Numbers or Quantities before 
it, are to be divided by the Numbers or Quantities 
after it. Thus a 5, ſhews that @ is to be divided 
by b; ſo 16 = 4, ſhews that 16 mult be divided 
by 4. 

Note. There is a better Way of expreſſing Di- 
viſion, and it is more frequently uſed ; and this is by 


placing 


ns „ inge 1 


** © A — = po 


* 
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placing the Dividend a-top, and the Diviſor under- 


neath it. Thus a divided by ä is ſet thus, 7 So 


alſo 16 divided by 4 is thus placed, 4, &c. So. 
5. Theſe two Lines (=) are the Signs of Equa- 


lity, and ſignify, that the Quantities and Numbers 
on the one Side of it are equal to the Numbers or 
Quantities on the other, 


6. This Character () is the Sign of continued or 
Geometrical Proportion, Thus, a = c, Sc. are 
Quantities in Geometrical TS. But Geometri- 
cat Proportion is better expreſſed by one and the ſame 
Quantity with the Sign after them, Thus, a, aa, 
aaa, aada, a*, 46, — Cc. are Quantities in Geome- 
trical Proportion. So alſo 2, 45 8, 16, 32 27 Se. 
are in continual Proportion. 


7. This Character (:) ſignifies the Word to; and 
this (::) ſignifies the Words ſo is. When they are 
joined together thus, (::: :) they are the Rule of 
Proportion; and being placed between Numbers or 
Quantities, (thus, a:4::4: e) they are thus read 
or expreſs'd, As à to b, ſ is d to e. Or thus, 4: 6 
8: 12,) is As 4 to 6, ſors 8 to 12, Cc. 


8. This Character (e) is here uſed to ſignify 
Tranſpoſition, and ſhews that the Number or Quan- 
tity before which it is placed is in the next Line or 
Step tranſpoſed to the other Side of the Equation, 
with a contrary Sign, 


9. This Character or Letter (Q) is alſo here 
uſed, and ſignifies by the Due/tion, as you may ſee in 
the Work of the following Problems, 


10. This 
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10. This Character ( is a radical Sign, or Sign 
of the Square Root, and ſhews that the Number or 
Quantity before which it ſtands is to have its Square 
Root extracted. 5 


It. This Character () is the Sign of the Cube 


Root, and ſignifies the Extraction of it, as in the 


Square Root above. 
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I. HIS (LAN + c) ſignifies, that the Pro- 
Kk duct of a and b added toc is to have its Cube 


Root extracted. The ſame of the Square Root. 


2. This, / a x b + c — 4) ſhews, that after the 
Quantity d is taken out of the Product of @ and 65 
more the Sum of c, the Remainder is to have its 


Square Root extracted, 


3. This long Daſh ( ) is often uſed to link 
or couple Quantities together for the better reading 
or underſtanding them. Beſides they are differently 
expreſſed to what they are when it is wanting. Thus, 
a x b + c + d has quite a different Significa- 


tion to what it has with the Daſh over it thus, 


axb+c+4d; fora x b + c + 4, ſignifies, 
that the Quantity à is to be multiplied by the Sum 
of b, c, and d; whereas, without the Daſh, it would 
ſignify only that the Sum of the Quantities c and 5 
is to be added to the Product of @ into b. This wil 
be beſt underſtood by Numbers, 


(> Let 
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Let 6 repreſent a, 4 b, 8c, and 12 d. Now 
6X4+8 +12 = 144; but6 x 4 + 8 + 12, 
will be but 44. So that the Difference on Account 
of the Daſh is 100, &c. Cc. Note further, 

This Daſh is often joined to the Tail of the ra- 
diant Sign, or the Sign is continued longer, which 
is the ſame; and according as how far the Daſh is 
extended it has a different Signification. 


n 


* | 
4. Thus m + — + 4 — c) ſignifies, that the 


4 
Quantity c is to be taken out of the Square Root of 


bb 
£848 
* 


5. But Vn + - + dd — c) ſignifies, that only 


bb 
the Square Root of m + 7 is to be extracted, and 


then the Difference between the Quantities dd — c 
to be added to it. The ſame for the Cube Root. | 


6. This Character (+) ſignifies more or leſs ſuch 


Quantity, and is uſed often in Extraction of Roots, 
compleating of Squares, &c, 


7. Figures are frequently ſet over Quantities, 
to ſhew how often they are expreſſed, and to fave 
the Trouble of repeating or ſetting down the Letters 
lo often. Thus, 6+ ſignifies the ſame as if the Quan- 
tity þ was written, expreſs'd, or ſet down four limes, 
thus þb5b, So alſo xt is xxxxxxxx, Fc. 7 
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Between PHILOMATHES and TyRUNncCutus 
concerning ADDITION, SUBTRACTION, Wrat 


MuLlTIPLICATION, and DIVISION, Ino 
ALGEBRA, to 


— —_ * —_— — 


Phi. 
Tyr. 


(Coming to 75 Tyrunculus.) 
(Standing at his Door.) 


Phi, ** 8 OO D Morrow to you, Tyrunculus. 
N. 


Tyr. Kind Philomathes, your Ser- 
want; if I may be fo free, where are 
you walking this Morning ? 

Phi. Why, Tyrunculus, to ſay the Truth, I came 
only for to ſpeak to you; it is ſome Time ago (it 
you remember) ſince I gave you a Paper, and I ex- 
pected before now that you would have come for 
freſh Inſtructions and Examples; but your ftaying 
ſo long began to make me think that you had given 
over the Thoughts of Algebra again, and had neg- if 
lected to learn the Signs and Characters you had of 
me for that Purpoſe, 
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Tyr. I am ſorry I have given you Occaſion to 
think ſo; but the Reaſon of my not being with you - 
before, is becauſe I have had ſome particular Buſi- 
neſs upon my Hands, and that you know muſt be 
minded : However, I have learnt them perfectly by 
Heart, and know the Meaning of them very well. 

Phi. I am glad of it; and you intend, I hope, to 
apply them to Practice; do you not? 

Tyr. That I do, as far as Leiſure from more mate- 
rial Things will allow of. 

Phi. Well then, are you at Liberty to gs Home 
with me now, I am no Ways engaged? 

HBr. If you inſiſt upon it I will ; but I had much 
rather you would ſpend an Hour or two with me 
now you are here; you ſhall be heartily welcome 
to ſuch Entertainment as my little Houſe affords, 
and I ſhall eſteem it as an Inſtance of your Kind- 
neſs, What ſay you? | 

Phi. I heartily thank you Tygunculus. Entertain- 
ment by Way of eating and drinking I regard not, 
any further than to ſatisfy the real Wants of Na- 
ture: It is the Converſation I value, and had ra- 
ther pleaſe -my Mind than my Appetite ; therefore 
upon Promiſe that you will not put yourſelf to any 
Trouble, nor provide for me any other than that 
hich you intended for yourſelf had I not dropt in, 
{ will ſpend a few Hours with you. 

Tyr. Upon Honour I will not. 

Phi. Come then, Tyrunculus, let us be doing. 
Tyr. With all my Heart; and pray what is the 
rſt Thing in Algebra that I am to begin with ? 
Phi. As you underſtand Vulgar Fractions, and 
now the Signs and Characters you ſay, the very 
uſt Thing that I ſhew you will be Addition. 


f SECT. 
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Tyr. OW is Addition of Algebra performed? 


, Phi. The ſame as common Addition, pro- 
vided the Signs be both affirmative or both negative ; 
as you will ſoon find by the four following Caſes. 


C ASE 1. 


Of Simple Quantities or Integers, having the ſame 


Sign. 
ben the Quantities to be added have the ſame Sign, 
(viz. both + or both —) then add all the Co-effici- 
ents or Numbers together, (if any there be) and place 
the er after them, with the ſame Sign alſo be- 


fore them. 


Ex. 1. Ex. 2. Ex. 3. 


Add + 42 © +26 old. d 
r — 4 
T a. +46 1 4 
— — 0 
Sum + 3 a +76 —13 4 
Ex. 4. EX. 6. 
+ 5 aadd — bd 
+ 4 aadd — bid 
+ 6 aadd E bad 
Sum + 15 Frey — 3bd 


Do you underſtand theſe Examples ? 


of i Tir 
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Tyr. Yes, except the (5) that ſtands alone in Ex- 
ample 2. and (—4) in Example 3. for they have no 
Number or Co-efficient before them. 

Phi. It is true they have not; but they are ſup- 
poſed (as all ſingle Quantities are) to have Unity or 

| x placed before them, as you may ſee in Example 1. 
and Example 5. whoſe Sums are Za, and — 3 bcd. 

Tyr, I underſtand you now very well. 

Phi. You are then further to take Notice, that 
all Quantities that have not the negative Sign (—) 
placed before them, are ſuppoſed to have the affirma= 
tive: Or, in other Words, thus: When any Quan- 
tity has no Sign prefixed to it, it is then an affirma- 
3 ; thus, @ is the ſame as + a, and 46 
s + 406. 


: _ — 
— 
— Za we —ů — , 


M - * — 
22. 1 © Pw pt. 


CASE 2. 


Of StMPLE INTEGERS or QUANTITIES, 
having contrary Signs. 


Men the given Quantities are alike, but have unlike. 
Signs, then 2 the one Co-efficient Nr the 
other, and place the negative or affirmative Sign to the 
Remainder, according to where the Exceſs lies; that 
I's, if the negative Quantity has the greater Co- effi- 
cient, then the Remainder will be negative and muſt 
have the Sign (—); but if the aſhrmative be the 
larger; then will the Remainder have the Sign (+) and 

ill be the Sum of the ſaid Quantities. 


1 . ow 
" « + 1 


Ex, I. Ex. 2. Ex. 3. 
4 bb — 7 bb I4 aabb 
—3 6b 3 bb — 43 aabb 
+ bb — 4 bb —29 aabb 


Ex- 


| 
| 
| 
l 
bl 
| 
| 


ADDITION of 


9 .& Ex. 4. Ex. 5 
— abcd 42 bd 
9 abcd — 42 bbad 
+8 abed : (00) * 


2 underſtand theſe Examples? 
yr. I underſtand all but the 57h for I cannot at 
preſent conceive, that + 42 added to — 42 can be 
equal to Nothing, I ſhould think rather, that ſub- 
tracting them they would be equal to Nothing. 
Phi, That is your Miſtake, for their Difference 
is 84, (as you will ſee Caſe 2. in Subtraction); be- 
cauſe the negative Sign makes void the affirmative. 


Tyr TI aſk Pardon, but I do not rightly appre- 


hend it. 

Phi. I think you are a little dull now. Do you 
not remember that I told you, (Sed. 3. Dialogue 4.) 
that this (—) ſignifies a Want or Dany, ſo 

many Times % than Nothing as the Figures after 

it expreſs? * 

Tyr. Yes I do. | 
c Phi, Obſerve then, Suppoſe that you ſtood in- 
debted to a Perſon 42 . and had no Effects of any 

Sort to pay the Debt, then it is plain you would be 


42 Times worſe than Nothing; that is, have 42 


Times leſs than a real Property of your own : Now 
ſuppoſe a Friend ſhould. give you 42 /. to pay off 
the Debt, and you do ſo, ſtill it is plain you would 
have Nothing in Hand to begin the World again 
with: Conſequently then + 42 added to — 42 
=” ar.0 | | 


* Leſt the Learner ſhould miſtake the Remainder in this Ex- 
ample, and take it for ſome Quantity, I thought proper to put it in 
a Parentheſis, to ſignify it for a Cypher only, and not for any Quan- 


T1 „ 


tity. See Dial. Obſer vation 2. 
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Tyr. I am very thankful, Philomathes, for ſo plain 
a Demonſtration. 6 | 

(+> 80 1 perceive then, that a negative Quantity 
added to an affirmative one, is the ſame as two gu- 
firmattive 12 ſubtracted from each other. Are 
they not? 


hi. The very ſame. (See Caſe 2. Ex. 5. in Sub- 
traction.) | 
Tyr. Thus far then I am pretty perfect; but how 
muſt I manage when the 17412 are many in 
Number, and have different Signs? 

> Phi. Very eaſily. Firſt collect all the Quan- 
tities that have one and the ſame Sign into one Sum, 


as above. | p 

Tyr. Pray add 14 axx = 5 axx + 8 .axx — axx 
— 41 axx ＋ 39 axx together ! 

Phi. Obſerve then, I collect all the Quantities 


Law 1 r 


+ 8 axx + 39 axx, and theſe are equal to 61 axx; 

then — 5 axx — a — 41 a = — axx; 
„then — 47 axx added to + 61 axx, as before directed, 
5 = 14 ax Anſioer, the Sum of all the Quantities, 
„ Now will try you with a Queſtion. 


8 1 EXAMPLE 7. 
ff A aan + 9 aaa —12 aa — 4 aaa — 19 aaa + 
14 aaa + 6 aaa — 9 aan together: 


2 Br. Nothing eaſter. Firſt, 4 aaa + 9 aaa +14 
aad + 6 aaa = + 33 aaa; and — 12 aaa— 4 aaa 
— 19 aaa — q aaa = — 44 aaa; then — 44 aaa 

* added to + 33 aaa = — II aaa Arftver. 

| Phi. You are right, but ſtill you have taken un- 

neceſſary Trouble. | | 

ir, Br. Wherein? 


SR Phi. 


ſo you will have two Quantities at laſt to be added 


having one and the ſame Sign together, viz. 14 axx, 


7-4 AÞD1TION of 


tg Phi. Why did not I tell you that the negative 
Sign — deſtroys the affirmative + ; therefore as you 
have 4 aaa + 9 aaa, and alſo — 4 aaa — 9 aaa in 
the Queſtion, you needed not to have meddled with 
them at all, only add the reſt of the Quantities, 
and you will find them to be +20 aaaand — ZIaaa, 


| -whole Sum is — II aaa, as above. 


Tyr. I was a little wanting indeed in this Reſpecd. 

Phi. To be ſure it faves Trouble; for ſuppoſe J 
were to add abb + 6 abb — 9 abb — abb + 4 abb 
—b abb to + 9 abb — Z abb together, I have only — 
3 abb to add to 4 abb, (for the reſt deſtroy each 
other by contrary Signs) and their Sum is + abb, 
the. Sum of all. 

r. I ſhall take Notice of it; but ſuppoſe the 
Quantities to be added are not alike, nor the Signs 
neither, how then ? | 

Phi, You will ſee-by-the following Caſe. 

CASE 3. 7 | 

Of StmpLE ConTRARY QUANTITIES. 

When the Duantities to be added are unlike, whether 
they haue Co-efficients or not, ſet them one after an- 
other, without any Alteration of the Signs, and this will 
be the proper Sum. ; 

Tyr. This is eaſy indeed; then if I were to add 
3 bc + aa +,g —d together, I imagine their Sum 
is the ſame, wiz. 3bc + aa + g-: Is it not? 

Phi. You are very right. See the following Ex- 


| ample . 


EXAMPLE 1, 

— & bc 

+ 4 4a 

. —_—— —_ 
Sum — 5 bc þ 4 da =» xx — 4zg 


— _ * 


Fr 


Ex. 
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EXAMPLE 2. 

— $5726 

F 4m 

_ 883 

+ 17 


i 


Sum 57 gb + 4m — geg + 17 
CASE 4. 
Of Comround InTEcERs or QUANTITIES: 


This depends upon the three preceeding Caſes : For if 


the Quantities are alike, aud have 9 Sign, then 


add them together by Caſe 1. but if they have contrary 
Signs, collect all ſuch together as have one and the ſame 
Sign, and ſubtract them from each other, ſetting the 
Sign where the Exceſs lies (according to Cale 2.) be it 


+ or —, But if the Quantities and Signs be both con- 


trary, then, (by Caſe 3.) ſet them one after another 


ng altering any of the Signs, and you have the 
otal. | 


Ex. 1. Ex. 2. 
Add 4x + b I4x — 9 
x +46. — 9x +14 

Sum 5x + 56  +5x +5 


EXAMPLE 3. 
Add 4 bc + — 18 
9bb —-b + 9 


Sum 4 bc + + 9 bb + #b — 9 
aa E 2 3 


” 
a= Ar —— — ws — W - 


_ -—_ — — 


"I ä —— —  — 
| | — — 
2 tx. - © __ - j _ — — —ͤ—U— us — 92 


22 2 


* 
— — 


1 L 1 P " 
hb — 1 —— ; * * wy — . — - o 22 
| 4 1. wma — 3 = — 3. 
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More EXAMPLES. 


EXAMPLE 4. 


4 abed + 6 be +9 abd — 9 
— abcd — 4 bc — 5 abd 
+2 abed — 3 be + 2 abd 
— abcd + be + abd 


Sum 4 abcd + 7 abd — 2 
EXAMPLE 5. 


a+F4b+g+e@+Txx+5 
x + bh + un 4 f — 12 y 
— 4 - + 40+ 4 hb — xx — f 
—I ST IF TS = 48 


. n 
— 


Sum 45 +6 xx + 5 bh + x—6 y +5 ==z 


Jr. You have made Uſe of all Caſes I ſee in 
theſe Examples. | | 

Phi. I do it on Purpoſe to ſerve you; and do you 
think you are perfect in Addition! Look at Example 
5 once more if you be not. 

Tyr. I think I am indeed, Sir. 8 

Phi, If fo, we will paſs directly to Subtraction. 


—_ —— — ** * —— 


— — 


8 ECT. II. 


— 
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Tyr. | br afraid Subtrattion will puzzle me, for 
I remember I was more ſet in this Rule in 
Vulgar Fractions than in any of the other. 


Phi, 


. a 


( 
] 


tive 


log 
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Phi. Be not at all diſcouraged, for you will pre- 
ſently do it I am ſenſible, if you take Care to mind 
the Rules; for I ſhall proceed the ſame as in Aaddi- 
tion. 


CASE IT. 
Of Surf INTEGERS, having the ſame Sign. 
IV hen you have any Quantity given to be ſubtrafted 


from another, then change the Sign of the Quantity to 


be ſubtracted into the contrary Sign; that. is, F it be 
+ make it —, and if — make it +, and then add 
them by the firſt Cale of Addition, and you have the 
true Difference Or rather, If the Duantities have one 
and the ſame Sign, then ſubtract the Numbers er Co- 
efficients as in common Subtraction, obſerving to place 


the Sign belonging ta them to the Remainder. 


Tx. i. Ex. 2. Ex. 3. 
From 34 — 215 8 bcd 
Take 4 . + 
Anſ. 22 — 125 5 bed 


0 


EXAMPLE 4. 
From — 24 abd 
Take — 9 abd 


Anſ. — 15 abd 


Of SIMPLE INTEGERs, having contrary Signs. 


When the Quantities to be ſubtracted have the nega- 
tive Sign, and the other the affirmative, then add them 
together as in common Addition, and you have their 

3 | True 


* 
P = 
* 
ä — - * * — 
— oy ů — — 2 p * * - 
— 8 c * : — * 8 
5 4 — — by of ws * - 
2 <5) com 


N 1 Sr * — * ”» ASS - - 
rr SR VESLL:..5.. 


——_ * Mt . 
„% cn ERCS- 


— — 
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true Difference ; to which place the affirmative Sign; 
but if the Quantity to be ſubtracted have the affirma- 
tive Sign, and the top Quantity the negative, you 4 
to add as befbre, but then place the negative Sign 1 
their Sum, and it is the true Difference. 


Ex. 1. Ez. 2 Ex. 3. 
From 433535 — 7 bb 14 aabb 
Take — 3 bb '+ 335 —43 aabb 
Diff. + 7 — 10 23 57 aabs. 

Ex. 4. Ex. 5 4 
From — abed + 42 bbdd 
Take q abcd — 42 bbad 
Difference 10 ab + 84 4bdd 


- EXAMPLE 5. varied. 
From 42 bbdd + 42 as — 42 bbdd 
Take 42 % — 42 as + 42 b, 


— — 


Dif. (o + 84 s — 84 dla 
| + VN 


Of ComrounD QUANTITIES. 


There is no Difference in the Work of theſe ani 
ſimple Juantities, only obſerve to place the Sign be. 
tween the Difference according as is required, 


Ex. 1. Ex. 2. 
From a + 6 a — 4b 
Take a — 6 +9 — a + 5—9 


See Caſe 2. Ex. 5. in Addition, 


Ex, 


=, ©, 6 


* 


a > bd 


LY 3 we 


nd 


go 


— 
X. 
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1 
| | Eames 
Ex AMPILE 


From 7a + b—7ci +14 
Take — aa — 4b + 2cc— 10 


4; + 8 aa + 5b —9gc& + 24 
Fir. Mighty pretty, and withal very caſy.. Pray 
how are unlike Quantities ſubtracted? 

Phi, I will tell you directly. 


CASE 4. 


Of CoxrxARVY or UnLike QuaNnTITIES. 


ben you are to ſubtract unlike Quantities, let them 
be either ſimple or compound, you have no more to do, 
but only to ſet the Quantities to be ſicbtracted directiy 
after the. Quantity you are to gone rom, firſt obſeru= 
ing to change or alter their Signs; thus have you their 
irue Difference, 0 


E XAMPLE I. 


From a + 5 —5c 
Take g — d + 9g, by changing Signs. 


Anſ. a 12324 148 
EXAMPLE 2. 
From 42 bc + 24d — g 
Take 17 5 — 14 xx . RUA 


* 


ä 


Anf. 42 be + 244 — gg —17h + 14 xx + bb + 15 
Dir. Quite plain indeed: Pray what is next ? 
Phi, Now, Tyrunculus, we are come to Multipli- 


cation. | : 
E 4 | SECT. 
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$3 F. i140 
MuLTi?LiICATion of ALGEBRA, 
Tyr. 1 that Subiraction is eaſier than I thought 


for. 
Phi. Nothing like Delight and Application, Ty- 
runculus, theſe make Things eaſy. | 
Tyr. It is very true; but I am afraid of Multipli- 


- Cation, 


Phi. Moſt Learners dread a freſh Rule, though 
they wiſh tooto be trying at it: But what ſhould be 
the Reaſon for ſuch Fear, ſince the ſame Care will 
conquer one as the other. 

Hr. Pray how is Multiplicgtion performed ? 

Phi. There are three Things to be obſerved in 
this Rule, viz. | 8 

i. When the Quantities have the ſame Sign. 

2. ben they have contrary Signs. 

3. When they have Co-efficients or Factors. 

in all which Caſes you are carefully to obſerve 
that when the Signs are both  affirmatzve, or both 
negative, the Product will be affirmative z but when 
one is affirmative, and the other negative, the Pro- 
duct will be negative: For + Xx +, or — X —» 
1 + ; but + x , or — Xx +, produce 

els. | 


Of QuanTITIEs having the ſame Sign. 
If the Quantities have us Factors er Co-etiicients, 
then only juan the Letters repreſenting ſuch Quantiliis, 


one by the Side of the other, and place the Sign 75 
#7 


35 
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fore them; but if they have F actors, multiply them as 
in common Multiplication, placing the Product before {| 
the Quantities. | | | 


Ex. 1. Ex." 2. Ex. 3. 
Mult. a 45 —a b 
by 5 c — 4 
Product ba 4 be + abd 
Ex. 4. . | 
Mult. — 6x 14 bb 7 
by — 2g 2 -F i. 
Product +12 xg 28 bbb . 


Tyr. This is eaſy enough indeed. 


Phi. Nothing eaſier, therefore we will paſs to 
Caſe 2, 


CASE 2, 


To MULTIPLY contrary Signs. 


. Ex. 2. 3 
Mult. 3 ba — 4 bd 
by — 4 —b + 66 
Product — ab —bba =—24bbd 
EXAMPLE 4. 
Multiply ' 8 xxb 
by — 44 


Product — 32 xxbd. SID 
Es Tyre 


— — + 


2 


— . p EE —— 
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HD. There need no more Examples. Pray what 
is the next: 


Phi. Cas 1 
Of Courou xo QUANTITIES. 


Multiply every particular Quantity in the Multipli- 
cand, by each Member or Part of the Multiplier, as 
you do in common Multiplication ; then add them toge- 
ther by the Rule of Addition, and the Hork is done. 


3 
Mult. ab+c 
by 4 
Product abd+d: 16 54d 1 
EXAMPLE 3. | 
Mult, gb —8+5x 
9 11 
Product 27 bd + 24d — 15 xd P. 
Mere EXAMPLES of COMPOUND QuanTITIES. 
EXAMPLE 4. EXAMPLE 5. 

Mult. a+6 | ” 6 65 lult 
by a ＋ 4 — 5 by 
_ + ab + al 1 

f + ab + bb eL 4b + bb 

Prod, aa + 2ab + bb 42 — 2ab + bb 2 


Ex- 


ALOE BRA. 


EXAMPLE 6, ; | 


Mult. a + 5 
by a — b 


_ 
- — 
— — — . _—_ 


_ ; 


— 


aa + ab | 
— ab — bb - j 


Product aa — bb +» 


a 
. % —  — = 


EXAMPLE 7: 


Mult. ab + cd — 6 
by c+ 4 


— — 
— — 2 — 


abc + od — be 9 
+ abd + cdd — 6 


Prod. ieee e LIES 2 
6 


ExAMPLE 8. 


lult. 23 + cd — 4 
by — 7x + 3 


— 14 bx — 7 cds + 28 x 
+ 65 + 3.0 — 12 


— 
1 
— 


jd. — 14 be = 7 cds + 28 x + $5 +2014 


E 6 


F * 
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EXAMPLE 9. 


Mult. a + b + c 
a+b+c 


——_ ſ— — — 


— .ÞwÞwu 


aa + ob + as 
+ ab + bb + bc 
+ ac + be + cc 


Prod. aa + 2 ab + 4 ub 2 be + bb + cc 


EXAMPLE 10. 
Mult. a U + c 
by a—6b —c 


— 


34 
— ab — bb — bc 
— ac — be cc 


— 


Prod uct aa — bb — 2 bc — cc 


Tyr. T underſtand the Examples very well; I ſee 
in this laſt Example, that + ab — ab, + ac and — 
ac deſtroy each other when you come to add them 
together, 

Phi, Very well obſerved, Tyrunculus ; this gives 
me reaſon to hope you are perfect in what you have 


{cen done, | . 


Tyr. I hope ſo. But pray, Philomathes, let me 
aſk a Queſtion, I am not yet fully ſatisfied why + 
Xx — {thould produce —, and that = x — fhould 
produce ; have you no other Way to demonſtrate 
it but barely telling me ſo ? Et) 

Phi. To be ſure, it is eaſily proved as follows. 


| Suppoſe I take 4 Quantities, and make them equal to 
any 


Time. In the mean Time, pray tell me what is 


£ — 
* 
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any 4 Numbers, viz. Suppoſe b = 12, c =4 = 4 
= 8, and f = 6. Then place them in ſome ſuch. 
like Order as follows; 
Sabtract f = 14 and 4. = 6] Subtract 
Then 5 — c = 8, and d —f = 2 
Nowb -c x 4—f=8 + 2 = 16, the Pro- 
duct of their correſpondent Numbers 8 and 2, 
Therefore b — c x 4 — f will be = 4b — de — 
fb + fe, viz. = 16, if the Work be right. 


Firſt, 5 x d=-12 * 8 = 96 6 
And c xf = 4 x 6 = 2% A0 


Therefore bd + ＋ 2110 


That is, de + fb = 104, which taken from 
120, leaves 16; that is, d + cf — dc — fb = 
120 — 140 = 16, as above, Conſequently there- 
fore + Xx produces —, and + Xx ＋, or — Xx — 
produces +, Q. E. D. | 

Tyr. I cannot ſay I underſtand it by looking it 
over ſo quick, but I will conſider of it another 


the meaning of Q. E. D:? 
Phi, They are often uſed in the Mathematicts, 
and ſet at the End of a Demonſtration or Proof of 
any Problem, and ſignify, that the Thing given is 
| not 


[ 


% 
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not only done, but demonſtrated and proved, and is 
thus read, Q. E. D. which was to be proved. 

Tyr. I heartily thank you. Pray have you any 
Thing more to ſhew me in this Rule ? 
Phi, r , ox only leave a Sum for you to 


work at your Leiſure, which I would haye you try 
at, N MK. 


EXAMPLE. 11. 


Mult. 3 * + 4 bb — 24 
by 2 * — 3bb — 4 


Prod. 6x* — 7 drr — 124% + 25 + 24 


8 


. 
Diviston f ALGEBRA. 


— — 


Hr. 1 Fear you will find me but a dull Scholar at 
Diviſion; for as common Diviſion is harder 

than the other three Rules, I think of Courſe Divi- 

fion of Algebra mult. * 
Phi. I confeſs it is ſomething more difficult; but 

what of all this? Labour overcomes all Things, How- 

ever, it is eaſier perhaps than you imagine. © 4 
Tyr. How is Diviſian performed? m ah HE 
(63 Phi, In Diviſian are three Caſes; in all which 

ou are to obſerve, as in Multiplication, that if the 
igns bealike in the Diviſor and Dividend, the Quo- 

tient will be affirmative ; but if unlike, the Quotient 

mult have the negative Sign, I 


Cacg 


140 
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. 
of QuanTiT1Es having the ſame Sign, 


If the Buantities have Co-efficients belonging 10 
them, then divide the one by the other, as in cemmon Di- 
viſion, and place the Quantities in the Quotient. But 
4 the Quantities have no Co-efficients, then ſet the 

ividend a-top, and the Diviſor under it, Fraction- 
wiſe, and if you find the fame Letters or Quantities in 
both, cancel or caſt away ſuch Letters, and the Remain- 
der will be the true Quotient or Anſwer required. Thus, 
ſuppoſe I were to divide deb by db, I ſet it thus 


=; and becauſe 1 find db both in the Dividend and 
the Diviſor, I expunge or cancel them, and then only c 
remains, which is the Duatient or Anſwer. 


Ee. 1. "Ex: x. 


Divide bbdc : abc be 
A, = b A. — — 89ꝙ— 
1 * 


EXAMPLE z. 


Divide xæxddg Anſ x4 
by x 5 


. Ex. 4. Ex. 5. Ex. 6. 
Divide 15 * — 6474“ — 4 abc 
by 56 — 8 6 — 4 abc 


— SO — 
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CasE 2» 


Of ConTrarRy SiGns and QUANTITIES. 
p ” 7 '*.0 2 


Divide the Quantities and Co efficients as beſare, 
and to the Quotient annex the Sign —, and the 


1s done. 
Ex. 1. 
Divide 25 
by — a 
Anſ. — 5 


Proof ab 


Ex. 2. 
— 15 K 
D 
— 15xb 
EXAMPLE + 
Divide 4 abc 
by — 4 abc 
Anſ. — I abc 
Proof 4 abc. 


ork 


Note. Men the Sign and Quantities are quite un- 
like and the Co-efficients cannot be divided, then ſet 
them over one another Fraction-wiſe, and you have the 


Anſwer. 


Bx. 5. 
Divide ab 


by g 


ab 
8 


Fx. 6. Ex. 7. 

14 abg xxbd 

5 xx ac 

14 abg xxbd_.. 
5 xx ac 


Ex. 8. 
15 x1 


12 4g 


—ů—— 


12 ag 


15 * 


Tyr. 


Tyr. I underſtand it very well; but how do you 
divide compound Quantities. 

Phi. The ſame as in Multiplication, by going 
through every Member of the Dividend and Diviſor 
according to the Order of the common Diviſion. 


CASE 3. 
Of CourounD QUANTITIES, 


Rule I. 


Proceed in all Reſpects as before, due regard being 
had to the Signs, and you have your Deſire. 


x. 1. Ex. 2. 
Divide ada + abcd 12 de = 15 ds + 4 ca — 5xa 
da mY ' 3d + a- 
Af a. + be line 46 — 8 


Tyr. Let me aſk you one Queſtion? 


EXAMPLE ' 3. . 
Divide 4 abc — 24 dab — 32 aeg 
by — 4 ab 


Phi. Auſe —.1c +-64b + 84 -% 

Br. Very well; but pray is not Diviſon wrought 
ſometimes at large, or do no Queſtions require it? 

Phi. It is frequently ſo wrought, and I could 
have done the laſt Example ſo if I would. 

Tyr. Pray do, it may perhaps give me a better 
Idea of Diviſion than I have at preſent, 

Phi. Obſerve then. 
2. I ben you have many Quantities, then proceed as 
in Diviſion of the whole Numbers, by ſeeing how many 
Times the Diviſor is contained in the Quantities of the 

Dividend, 


9 Drv1ision of 
Dividend, placing it in the Quotient; then multiply 


the Diviſor by the Quotient and place it under the Divi- 
dend, and fubtratt it therefrom, and to the .Remainder 


ring down the next Quantity. or Quantities in th: 


Dividend, and thus proceed till the whale Operation is 
perfor med, 
 , ExAmPL.e 3. The long Way. © 
== 4aþ) qgabc=24aahb == 32bad ( 15+ Gab + 8d Arſe 
 +42bo | 
- 240005 
= 244abb 


— 


— 32bad 
— 32bad 
" FL Rb ; 
Thr. I like this very well, and it appears much 
plainer to me than the other. Pray give me one 
more Example? | 3 
Phi. Suppoſe it were required to divide bx ＋ Id 


we c + cd — xe — de by x+d, it will ſtand as 


follows. 
EXAMPLE 4. 


x +d)bx +bd+cx +6d—xe—de (b+c—e thi. 
bx TUM - | 


, 


Kit 
wil 7 
— 


224 ˙ —— ea + 


0 


cx ea 


Lo» i. 


. 8. 
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ExXTAM TIE 5. 


32—) | Gxxxx = 29 (2 H A4 8 ＋ 16 Anſ 


Gxxxx - 1I2xxx* 


© -<+12xxx—96 
+ I2XXx - 24.x% 


— 


0 + 24xx—96 
+ 24xx— 48x 


© 48x—96 
48x— 96 


Q 


Tyr. I like this quite well indeed; but I could not 
have thought that ſo ſhort a Dividend would have 
produced ſo many Quantities in the Quotient. 

Phi, That is eaſy to perceive ; becauſe * 12xxx 
is not found in the Dividend. I change the Sign 
(which is ſubtracting it) and bring it down for a new 
Dividend or Remainder, and it will be + 12xxx, Ido 
the ſame alſo with—24xx and 48. See the 


- | PRO O F. 
a2 + A + 8x + 16 
gx—0 
xx I2xxx + 24xx + 48x 
— I2xxx - 24xx — 48x +96 - 


„* 


** ww 96 
Dr. N ght ſure enough. 0 
| | Phi. 
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Phi, I ſhall give you then but one Example 


more, 


EXAMPLE 6. 

; | K (---7% 
«b--9)2 0ab+ gxxb--60b+30bc-- 56d+40b--36a--gxx+108--54+94-- 
20463840 | (qaÞxx--12+6c--4+8 A. 


x + qxxb-—60b 
+ 5xxb---9xx 


---bob+30be 

--bob+108 
ITI 22 
+300c---54 


. ==-5db+406 
-=- $d64-g6 


+40b---72 
+406---72 


5 


— 


| Thr. 1 do not underſtand this, that—* 364 ſhould 
ſtand under Sah: Pray how do you ſubtract them? 
' Phi, I do not ſubtract it from 5xxb, though it 
ſtands under, but from — Þ 36a further on in the 
Dividend, and ſo on for the reſtt. 

Tyr. Then it Matters not whether the Quantities 
ſtand under each other I imagine; does it? 

Phi. Not at all, as long as you can but find the 
ſame. Quantity any where in the Dividend; and you 
would do well in 5 long Sums to make a particu- 
lar Mark againſt ſuch Quantities as you have taken 
down or done with, as you do in common Diviſon. 

Tyr. I'll remember it; but ſuppoſe there ſhould be 
any Remainder (for I imagine the Quantities will not 
always fall out even) how then do you manage - 1 

Wy li. 
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Phi. The ſame as in common Diviſion, by placieg 
it over the Diviſor Fra#ion-wiſe. Thus, ſuppoſe 
were to divide xx— bb + xc, by x +6; I find then 
the Quotient to be x -, and there remains xc; which 
I place over the Diviſor, and the Anſwer ſtands . 


* — — — 
— — 
— 7 2 
pag 2 


— 


i# W_ 
3 
8 3 2 


% 
= q _—_— 
- x, ts — — 
r , * 
— 
- — p 
—— 


- A — — DAD... — 


" * 1—— 
E $46 » wu 
= D.. 0 Sou» na - —-¾—e 
_ a $9 — — p ——ů— — — a N f . 
— * — — — — wo 2 — 
— — — 
3 . N . 
> - 
E 5 


xc | 
+6 4 
Sce the Work, | 4 
| $5 __ 
* | | ' xc | bÞ 
w+b)xx+xc—bb (x—b_— 18 
xx + xb x +6 i 1 
_ 
En 4 
bc 1 
—xb—bb 
& X xc 


1 r | "RY R 
—— um „* 2 * 


A 7 Have you any Thing more to offer in Di- 
vin 
5 I think there is no Occaſion for any more 
Examples, 
Tyr. Pray what comes next ? | 
Phi. According to the Order of Arithmetic the 
Rule of Proportion ſhould follow, but I ſhall ſpeak 
of this under Dzalogue 7. and ſhew you firſt the Na- 
ture of Algebraic Fractions; though one would think 
there is no great occaſion, ſince I have been ſo par- 
u © ticular in Vulgar Fra#ions, in which, if you are per- 
i- Wit, you cannot miſs to underſtand the Algebraic, 
-n { which are done one and the ſame Way, only with 
etters inftead of Numbers; and this can be no 
be great Difficulty, ſince Numbers are only repreſented 


ot by, ſuch Letters, as may be ſeen in the following 
+ WW Dialogue, 


bi, D I A- 


* 
— . RS 
o 4 Lila ts * = 


94 RE DVTION of 
DIALOGUE VI. 
SECT. I. 


Of ALczBRAtc FracTiGns, and firſt of 
| REDUCTION. 

C AS 1 10. ; Q 
To reduce a mixt Quantity to an improper ALGEBRA1C < 
FRACTION. x 

MULTI LY the whole Quantity by the Des- 

minator of the Algebraic Fraction, and to the 
Produtt add the Numerator. . I 


EXAMPLE 1. 


Reduce a do an improper Fraction. 
$ 


OO _—— 


3 X 


xa 4 
ä Ans 


* 


EXAMPLE I. 


Reduce a + ba to an improper F raQtion, 


Anſ. a +b5+4= ++ 


5 Tyr , 
Compare this with Caſe 1. in Yulgar Fraftions, | 


. 
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Tyr. I have ſeen ſeveral Books of Algebraic Frac- 
tions, but I do not remember any ſuch Examples as 
theſe : Are they neceſlary ? 


Phi. Certainly they are, and that you will ſee if 


you do but try the ſame by any Figures you pleaſe - 


to make equal to the Quantities; and this will be 


ſome Help to you, and give you a Notion of an 
Equation, SS; 


In Example 1. let a=5,b = 3, æ =6, then 


3 
2 =37 
Ai or rather E= 
* | . 


For x Xa—6X5=30; +5=3,=750. E. 


D. Se. Se. | 
Tyr. I think it is neceſſary indeed, as you ſay. 
Phi. And the Beauty of it is, the very next Caſe 

proves'it,; for I ſhall take the ſame two Examples. 


| ©4438: 2: | 
To reduce an IMPROPER FRACTION roa MIXT 
QUANTITY. 
This is only the Reverſe of the former, for you have 
ro more to do but to divide the Numerator bythe Deno- 
minator, and it is done. | 


EXAMPLE 4. 
xa +b a "RE | 
Reduce — to its equivalent mixt Numbers, 


#)xa+6 (a= of 


. Xa 


o+6 | 3 75 Ex- 
® Compare this with Caſe 2. in Vugar Fraftions, 


* 8 "=" * 
© OM 0 — — —ę—— — oy 
—U V— 
— ener 


— —— 
— WE. 


2 3 . 2 — my 
ER +. q 


— — — 


— — — 


. —— — 
£ 8 wr. 
* 
— — 2 . 


737 2 c — — — 
PR — — 3 


7 ; . rr 
» a — ̃ ͤ , — __—  —— 


— 


— UT NO" OR REC - <7 > 
— —U—— — EC, — — 22 2 . 


SET ee. 


- — a — 


— C9 
—— — —ͤ— — — 
pe — — . ” 


N 
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n 2. 


P tot — 10 its equivalent mixt Nembes. 
x c 
4) da + db +c(a + 5. Au. 
0 + db (2 
db bo 
CAsE 3.8 


_ To reduce @ whole QuanTityY fo an ALGEBRaic WM © 
FRACTION, © dc 


* Multiply the given Quantity by any other Quantity, WM Ca 
and place the Product for a Numerator, and the Quan- 
tity you multiply by for a Denominator, and it is done. 


Ks Pts 1. 


Late b to an Algebraic Fraction, * de for it 


r. 


1442 2 b by the next Caſe. 


ExAMPLE 2. 


Reduce a to an Algebraic Fraction, having x 
for its Denominator. 


ra x x +/=ar . Do 


you underſtand it ? 


6 * Compare this with Caſe 3. in 2 Vulgar F rations, 
2 Tyr 
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Tyr. I cannot mils it; you need not give any more 
Examples. 

Phi. I ſhall not; but you ſhall fee how that this 
Caſe is only the Reverſe of the next. We ſhali take 
the ſame two Examples. | 

| CasE 4*., 
To abbreviate an ALGEBRAIC FRACTiox. 
Divide the Numerator by the Denominator, that is, 


expunge or caſt away ſuch Quantities as are found in 
both, and you have your Deſire. 


EXAMPLE I. 


OO ARE to its loweſt Terms, 


dc 
= = (divided by) de SJ. See Example f. in laſt 


aſe. | 
EXAMPLE 2, 


Reduce Keef 5% i loweſt Terms, 
x + f 


1 +f=a. See Example 2. laſt Caſe, 


80 alſo 29 ab 8 bd '$.@ in þ 


ok ales fon 
M As Fradtions are abbreviated by Diviſſon, it is 
often cuſtomary to put Unity under ſuch Abbrevia- 
tions when the Denominator is caſt away; that is, 
+ (Wir the Anſwer be a whole Quantity, put the Figure 


a 
De under it : Thus a rr and a + x + 4, expreſſed 


a+ x +4 
I 


Compare this with Caſe 4. in Vulgar Frafions, 
Tir, | F e 


* . . 
like a Fraction, is, 
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CASE 5®, 


To reduce Quantities of unequal Denominators t1 
ALGEBRAIC FRACTIONS, having @ common De- 


nominator. | 
Multiply all the Denominators continually for a con- 
mon Denominator, and every Numerator into all the 
Denominators except its own, which ſhall be new Nu- 

merators. 
| ſe 


Tyr. I think I can do this directly. 
Phi. No Doubt of it, for it is the ſame as Caſe ). “. 


in Reduttion of Vulgar Frations, tl 

Ex AMP IL E 1, 1 

Reduce þ b 4 75 to Fractions having a commu A 
Denaminater. 

Tyr. Firſt then, ö x 4 x f = bdf for a common 
Denominator. Then, a * [5 £7 adf N. N. 
Again, cxb x f = chf N. N. And laſtly, e x d x 

þ = edb N. N. So are #8 chf, edb, new Numer 
tors to be placed over the common Denominator 2 
and will ſtand as follows: 

adf a 

75 
: W. 
= Þ 


| Fol Phi. You- are very right, Tyrunculus, and I an 
glad to ſee you ſo tractable. * You ſee therefore that 


* | v Compare this with Ca 7. in Vu gar Fractians. 


the X 4 
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the Order of Algebraic Fractians is the ſame as 
Vulgar. - 

Tyr. Yes, I perceive it, and I find your Words 
true now, that to underſtand Vulga Fraftioms well 
ſaves a great deal of Trouble, that mult unavoidably 
happen to thoſe that are ignorant of them. Pray what 
comes next? 

Phi. I have here ſhewn you three Caſes more 
than are in general taken Notice of, that you might 
ſee the Relation that Algebraic Factions bear to Vul- 
gar. TI ſhall therefore ſhew you now how to add 
them together, | 


— — 


een. 


ADDITION of ALGEBRAIC FRACTIONS. 


Thr. 8 Reduction of Algebraic Frafions is like 
Vulear, I imagine that Addition is done 
N. Wmuch after the ſame Manner alſo : ls it not? 


L 


„Phi. The very ſame: You cannot miſs, Come, 
Wii” © and © together. 
ba d 22 and 5 together 


Tyr. Becauſe the Quantities have a common De- 

ominator, I only add the Numerators, viz. b + c 

d, under which I place the common Denomina- 
b + c+4 


Tr, x, and their Sum is 


Phi, Very right. 


-. 


—_ 


EXAMPLE -'2. «* 


Add 52 and 5 together. 


Tyr. Firftx x d α = xda for a C. D. nd h x 


x a =bdaN.N, Again, e XxX a = waa N. N. 
F 2 | And 


mY ——w 


——ů— 2 


— 


*% wy n 1 
- -” 
— N 4 = 


* —_ ya 
4 


© 220% 
T7 - Awe ðᷣͤ MW 
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And laſtly, fxdxx= fdx N. N. which I add a; 


under: : 


N. Numerators bda 
IS { add 


cd 
fax 
Anſ. bda + xa + fx 
xda 


Or if you ſet down all the new Numerators over 
their common Denominators, and abbreviate them 


by Caſe the 4th, you will ſee they are the ſame, and 
will be equivalent to the Fraction given. Thus, 


bla _d cx . ap e f 
xda * xaa d, xda a. t 


Now I will aſk you one, if you pleaſe, with mis! 


Numbers. \ 
Phi, With all my Heart; ; 4 
EXAMPLE 3. 5 

a U 


- Tyr. Aad. 4 x2 and cd - together. 


Phi. The Quantities not being alike, I add them 
only by the Sign +, and add the Fractions to them is 


alſo by the ſame Sign as they ſtand. Thus, their . 
| 6 
Sum is 2 2 4 id —* Or otherwiſe thus, 4x+d 


We 

| E. Or, . 5 

Tyr. If it were not too much Trouble Phil lon 
thes, I ſhould be glad you would demonſtrate this: 
little plainer.to me. 

Phi. That PII do three Ways. 

I. As the Quantities are unlike, [ only place then 757 
one after the other, (according to Caſe 3. Dialogue 5; 


and their Sum is a4x = + (4=. Or, ; 
CE TSS; 2. 


— 
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2. By reducing the mixt Numbers to improper 


Fractians, their Sum is 1 * Ku b + +8. 


43 Reduce the Fractions Li ** to a common 


Denominator, you will have N to which add 


the whole Quantities, and you will have 4 x + cd + 


bf + ag 

7 
But however, I will even do more than you de- 
ſired, you ſhall ſee the numerical Proof, Let x = 4, 


then will 4x = 16, and let the Praftion— be = — 


| g 
Make c =4, and 4 = 3, then will cd = 4 x 3 = 


12, and let the Fraction- be 2. Now at your Lei- 
ſure add 16 2, to 12 3, you will have 25 = 294 


= the improper Fraction * + caf +_2. which 


— g 
1em | 
zen tis in Numbers 32.2 + 2 22 = 29% as 


heir 2 
' before % E. D. Does this * plain to you? 
Hr. You lay me under the greateſt Obligations, 
Philomathes ; it appears quite eaſy to me indeed. 

Phi, I am glad of it, then you are qualified for 


| Subtraction, and there Is no Occaſion to dwell any 
ama longer upon Addition. | | 


8: © F.:: ME 
SUBTRACTION of ALGEBRAIC FRACTIONS. 


then Tyr. { OW do you perform Subtraftion ? 
| Phi. By one 2 Rule, iz. If the 
Hractions have a common Denominator, ſubtract the 


2: | F 3 Nume- 
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Numerators, by placing the Sign (—) before that el 
| which is to be ſubtracted, and place the Difference i ; 
| over the common Denominator; and if they have fe 
| difterent Denominators, reduce them (by Caſe 5,  w 
| Sea. I. of this Dial»gue) to a common Denomina- he 
| tor, and then ſubtract che Numerators as in Sub. nc 

1 traction of Algebraic Integers. th 


EXAMPLE I. 


4 nc 
Herr N 1. 
a — 4 
Anſ. 7 
| 
Ex. 2. Ex. 3 N 
From *_+_£ I2x +c +6 l 
2 ad +2 
3 * 2x 1 e 12 
Take FT ad + g 
; 2x — 2b IOx + 2c 9 
ff. — Co 
Di erence 4 * TS 0 
Tyr. I muſt confeſs I do not apprehend theſe two 
laſt Examples. 7 


Phi. You do well to ſay fo, for they are not to be MN, 
underſtood by every Learner at firſt ight, Obſerve De. 
then the Numerators of Example 1. are x + b, and 
39 — *. Now (as before directed) I change the “ = 
dign of the Fradtion to be ſubtracted, and then it 
will be — 36+x, which added (for this you mult 1 7 
remember to do when the Signs are changed) to 
* + , makes 2x — 26 for the Difference. And by - 

| | thus 


. 
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thus you mult proceed with Example 3. always re- 
membering that the negative and affirmative Sign be- 
fore the ſame Quantity deſtroy each other, and you 
will find that 10x + 2c remains. The ſame is to 
be obſerved if the Fraqtions have not a common De- 
nominator after they are once reduced to it. And 
thus much for Subtraction, provided you underſtand 
It, 
Vr. I thank you for this freſh Inſtruction; I am 
now pretty well grounded in this Rule I believe. 


* 


S ECT. IV. 
MuLT1PLICATION of ALGEBRAIC FRACTIONS. 


Phi. We LL, Tyrunculus, what think you of 
Multif lication ? 
Tyr. I think I can work it without ſhewing, if 
| am not miſtaken, 
Phi, That is right, Tyrunculus, I love to ſee you. 


bold and courageous in every new Undertaking :. 


Come then, | 
" Multiply ⁊ by S 
TAY." 


Tyr, If F remember, I am only to multiply the 


Numerators together for a new Numerator, and the 


Denominators for a new Denominator. Fhus, a * 
S ac, and b & d = bd: Arſe 


Phi. You are very right. Now multiply 4 — 
by 25 
9. 


F 4 Tyr, 


* 
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Tyr. Firſt, 4b TC x 34 = 12 bd + 3d for a 
N. N. and g +a X gx ο +9 xa for a N. D. 


So will the Anſwer be 2 
og + 9x4. 


Phi. Very well done, Tyrunculus, indeed. 
Tyr. Now, Sir, give me Leave to aſk you one? 


EXAMPLE 3, 


Multiply — by 2b + 6 #. 


Phi. Why, Tyrunculus, the Multiplier being a 
whole Number, I make a Fradtion of it, and it will be 
Mult, 32.9 4 25x by 2b : 2. 
I 
Then multiplying the Numerators and Denominators 
together, I have ba 
Anſ. 24abx + 26 — 50bx — 72axx + bbx— 1 50x oO; a 


rather, it is 24 ab — 44 bx + 72 ax - 150 x +2 al 


12 ax ＋ 5 — 
TAS 


abbreviate, Do you underſtand it ? 
F Tyr. Yes, very well, except the abbreviated An- 
wer. 

Phi. Pray look at Caſe the 4th in Reduction. You 
ſee as I have x for the Denominator, I caſt away or 
cancel x alſo in every Part of the Numerator; and 
as there is — 50 bx + 6 bx, this will be — 44 bs; 
then cancelling x, it is — 44 5, and x at laſt is ſet 
under the Quantity 2 ab Fraction- ꝛuiſe, becauſe x 
is not found in it. | 

Tyr. I heartily thank you Philomathes, for this 
Information, | 14 

| A U. 


{et 
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Phi. EXAMPLE 4. EXAMPLE 3. 


c c 
Mult. 5 7 Mult, 4 bs — 
1 1 by 
FR wh 95 
aba ＋ ca 1 _ 
An. 20bbxd + 5 ch 
4 tf. 4 
| 9 dx 


Reduce the mixt Numbers to improper Fractions, 
and proceed as before, you will have the Anſwers as 
above; which I beg you will try at your Leiſure. 

Tyr. I thank you, Philomathes ; I will try it di- 
rectly. Pray have you any Thing further to ſay of 
this Rule ? | 

Phi. Nothing but this, that when it is required 
to multiply any Fran by its Denominator then 
caſt away. the Denominator, and the Numerator 


alone is the Anſwer. Thus, 2 * x gives de For 


1 3 8 2 X 
919 1 n 4 * + 4 


4x + d, gives 9b + 7 dx Anſ. = to the Numera- 
tor, This is evident; for ſuppoſe 5 to be multiplied 
by 7, it is} X + = #7 = 3 the Numerator of the 
original Fraction 5, which in Fact is, only multi- 
plying its Numerator by Unity or i. And now, 
Tyrunculus, we will proceed to Diviſion. 
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er. V. 


Division of ALOGIBRNAIC FRACTIONS, 


Tyr. J Dare ſay I ſhall not be able to work Diviſſon 
without ſhewing. 

Phi. Poh ! You are now going to be dead-hearted 

again, and without Cauſe; and I had much rather 


find you as bold as you were in Multiplication. Con- 


ſider, Tyrunculus, that every Learner may be com- 
pared to a young unexperienced Soldier; and though 
we will not call Arit metic his Enemy, yet he has 
got many Skirmiſhes to go through, and muſt not 
only fight, but that ⁊ aliantly too, to overcome them; 
for a Field is ſeldom won by Cowardice: Beſides, 
Tyrunculus, I have hitherto furniſhed you with Wea- 
pons proper for ſuch Engagements as you have met 
with, and I ſhall take Care to provide you with 
others for every freſh Attack; and do you but learn 
to handle them well, and you need not fear but you 
will always overcome. | 

Tyr. You lay me under the higheſt Obligations 


to love and thank you, for being ſo careful of me. 


Pray then how is Diviſion performed: 

Phi. The fame as in Fulgar Fractions. Multiply 
the Numerator of the Dividend into the Denominator 
of the Diviſor FA a new Numerator, and the Dens- 
nominator of the Dividend into the Numerator of ti 


Diviſor for a new Denominator. 


Ex. 1. Ex. 2. Ex. 3. 
| ' BAY PP: 
br r Lye 

* NE. 2 — — 


— 


* 


i Tyr. I underſtand it very well; 
the Frattions to have one and the * Denomina- 


tor? 
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but ſuppoſe 


Phi. Then caſt away both the Denominatorsy. 
and divide the Numerators only: 


Divide — 
be thus, Divide ha+bx+ca+cx 


EXAMPLE 4. 


ba + bw+ ca +cx Se 
56 7 oeg+d. 


by Y ba ca 


O bx+cx 
EY Te 


Do you underſtand theſe E 
Tyr. Yes I do quite well. | 
Phi. W here then is the Difficulty, you fo much. 
apprehended ? 
Hr. J muſt confeſs that J was a little fearful juſt 


now. 


Then it will 
(a & Anſ. 


Phi. I know it, I could ſee it in your Counte- 


nance. 5 
Tyr. You have been ſo kind, that I muſt confeſs. 


I cannot value you too much; nor can I repay you 
but with Thanks. 
Phi. I do it to ſerve you, as I obſerved, and if you 


receive Benefit by my Inſtructions, return the Thanks 


elle where. I only deſire you to be chearful and cou- 
rageous, not timorous, for that will hinder you in 
your Purſuit. 

Tyr. I will endeavour to follow your Advice in 


every Reſpect: but it is a dull Study for Learners | 


for a firſt few Rules. 


F.6.. 


Pf. 


18 Of PRO ORT IO. 


Phi. T own it is; but now you are paſt the worſt: 
You have in a great Meaſure drawn afide the Maſk, 
and as ſoon as you are acquainted with the Rule of 
Proportion, and underſtand a little of Equations, 
(which you will ſoon do) it will then fall quite off, 
and you will with Pleaſure be raviſhed with the 
Beauty of its Face, and the Symmetry of its Parts. 

Tyr. How long will it be before I come to the 
Rule of Proportion ? 

Phi, I ſhall ſhew you the Nature of it directly, 


Ne e NESS INES HK 
DIALOGUE VII. 
ECT: i 


Of PRoPORTION in general, 


Tyr. HAT do you mean by Proportion? 
Phi. Proportion is the Relation, Reſpect 

or Quality, that Numbers or Quantities bear to 
each other, by a certain Ratio, Reaſon, Analogy, or 
Compariſon. FOR” 

Tyr. Is not Ratio and Proportion then all one and 
the ſame? - | 

Phi. They are often uſed and ſpoken of as one 
and the ſame Thing, but there is a Difference; for 
ſtrictly ſpeaking, Ratio is not Proportion itſelf ; but 
ſnewe the Difference of Numbers, by comparing one 
with the other; ſo that by it are ſeen the Reaſon or 
Analogy that the Antecedent bears to the Conſequent, 
by ſuch and ſuch Compariſon, and in Courſe the 
Proportion that the Numbers bear to each other. 

Tyr. What do you mean by Antecedent and Con- 


equent 2 | 
1 % | Phi, 
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Phi. In any two Numbers or Quantities, the firſt 
Term is called the Antecedent, the ſecond the Conſe- 
quent. Thus, 4, 8, &c. 4 is the Antecedent, and 8 
the Conſequent ; the Ratig is 4, becauſe 8 is 4 + 4, 
and the Compariſon is 2, becauſe 4 and 8 compared, 
one is twice the other. So alſo in any Series of 
Numbers, at 2, 6, 10, 14, 18, Cc. 2 and 18 are 
the Antecedent and Conſequent, and all the others be- 
tween them are both Antecedents and Conſequents. 

Tyr. I underſtand you very well but pray how 
many Sorts of Proportion are there? | 
Phi, There is, 1. Disjun# Proportion, or the Rule 
of Three direct. 2. Arithmetical Proportion, or Pro- 
greſſion. 3. Geometrical Proportion, or Progreſſion. 
4. Duplicate Proportion. 5. Triplicate Proportion. 
6. Harmonical Proportion, And, 7. Contra-harms- 
nical Proportion, &c. But it will be ſufficient for 
our preſent Purpoſe to ſpeak of the firſt Three only, 
2 the Knowledge of the others depend upon 
the S. | | 


... 


Of Direct PRoPorT10N, or the RULE of T args. 


Tyr. H A T have I more to do with Propor- 
tion, ſince I can work the Rule of Three 


very well ? 
Phi. That may be; and yet you may not rightly 
underſtand the Nature of it. A great many Perſons 
deceive themſelves in this, for though they can work. 
a Queſtion according to the Order of the Rule itſelf, 
yet they are quite ignorant of the Relation or Pro- 
portion which one Number bears to another, notwith- 
abs ſtanding 


—  — ˙ 
* 


divided by the 4th, 
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ſtanding it is evidently known that one Half of the 
Mathematics depend upon it. 

Tyr. | thought if 1 could but barely work the 

Rule it was enough, ('till you ſhewed me to the con- 
trary in Abbreviations;) but ſince I ſee ic is of ſuch 
excellent Ule, I beg you would explain the Nature 
of it a little plainer to me. ; 
- Phi. I intend it; but before I give a Demonſtra- 
tion, it will be quite neceſſary that you ſhould be 
well acquainted with the following Obſervations, 
and then the Demonſtration will appear quite plain 
to you: So that my Advice is, you would 1cad them 
over again and again, ö 


OBSERVATION. I. 


Any three Numbers or Quantities being pro- 
ounded, after you have found a fourth Number in 
dn, according to the Order of the Rule of 
Three direct, then the Proof of ſuch Work is eaſily 
diſcovercd; for if it be done right, the Propoition 
will always hold thus; ' 

As the I/: 2d:: 3d: 4th. 
Or, as the %: 34:: 24: 4th. That is, the 17 
bears the ſame Proportion to the 34, as the 2d does 
to the 4th. 


* 


OssERVATIeN 2, 


The Product of the 1/7 and 4th is equal to the 
Product of the 24 and 3d; that is the Product of 
the Extremes is equal to the Product of the Means : 
For the 3d divided by the 1/2, is equal to the 4% 
divided by the 24, &c. 23's 


OBSERVATION 3-- 
The I/ is equal to the Product of the 2d and 3d, 


OBsER- 
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OBSERVATION 4. 


The 2d is equal to the Product of the 1/7 and ath, 
divided by the 3d. 


OBSERVATION 5. 


The 34 is equal to the Product of the % and 47h, 
divided by the 24. 


OBSERVATION 6. 


The 4th is equal to the Product of the 2d and 34, 
divided by the 1/7. 

Tyr. I could not have thought there had been ſuch 
Hirmony in the Rule of Proportion. But pray ex- 
plain theſe Obſervations to me by ſome Demonſtra- 
tion! 

Phi. T will both by Quantities and Numbers, 
which, if you mind, you cannot but underſtand it. 


DEMONSTRATION. 


Let the 4 Quantities x, 6, c, and 4, e 
any 4 8 in direct Proportion, VIZ. 


Let x=2, d=4, etz, and 4=24. 


Literally - Numerically. 
ieee a een: 2418 
Orſ2jAsx: c::b:d | AS2:12:: 4:24) 2 
Forſ3] xd = cb | 2X24= 4X12 |] * 
92 54 | 
And — ——__ | — 2—24— 
n 4] 7 * | 4— 2224212 a 
T ˙ . . 5 
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From the four laſt Steps, each Term is found as 


follows : 
Term 8 

Wo) EA v14082 "2 0 
| a 5 Obſervation 3. 
22 1 == Obſervation 4. 

24 ad 71. e 4 * ; 
33 c==> 12 == | Obſervation 5. 

I be 48], | 
-4[+ = 4 . 6. 


I ſhould think, Tyrunculus, the numerical Work is 
ſo plain, that you cannot help underſtand the /:te- 
ral, fince the N of one anſwer to the other. 

Tyr. Nothing can be plainer indeed. But pray 
what do you mean by Steps? and what is their Uſe? 
Phi, T hoſe are the Steps that ſtand in the Margin 
of the Work, numbered 1, 2, 3, &c. Their Uſe is 
'to ſhew the gradual Proceeding of the Operation, 
that you' go on, gradatim, or by Degrees ; that is, 


H. Have you any Thing further to ſay of direct 
Proportion? 


Phi. I have nothing more to add but this, that 


when Quantities or Numbers are in a direct Propor- 
tion, they are alſo Proportionals by Alteration, Inver- 
fron, Diviſion, Converſion, and Compoſition, &c. See 
Euc. 5. Def. 12, 13, &c. 


SECT. 


Q wy 
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SECT. 4 
Of ARITHMETICAL PROPORTION. 
Tyr. "HAT is Arithmetical Proportion? 


' Phi. Numbers or Quantities are faid- 
to be in Arithmetical Proportion, or Progreſſion, when 
they differ from one another by a certain Ratio, or 
the like Reaſon, Thus, 2, 6, 10, 14, 18, 22, Cc. 
are Numbers in Arithmetical Progeſſion, becauſe they 
differ from one another by the like Reaſon, vix. by 
4, which Difference is called the Ratio. So 1, 15 N 
37, 55, &c. differ from each other by the Ratio 18, 
as you may perceive; for 1 + 18 = 19, 19 + 18 
= 37, 37 +18 = 55, Sc. From hence will fol- 
low this Obſervation. | 


OBSERVATION 1. 

Any 3 Numbers or Quantities in Arithmetical Pro- 
portion, the Double of Mean (or middle Number) is 
equal to the Sum of the Extremes. e 

Numerical Demonſtration. 

Let the 3 Numbers be 5, 13, and 21, whoſe Ratio 

or common Difference is 8; the Double of the Mean 


13, is equal to the Sum of the Extremes, viz. 5 
and 21, 


Literal Demonſtration, 

Let x be put for the firſt Term 5, and let e re- 
preſent the Ratio, which is 8. Then will x + e = 
13 the Mean, and x + 2e= 21 the third Term. 


: PRO Oy. 
Mean. Extremes. 
Jen 13 * + 20 = 21 
Aa 8 „ 180 11200 5 Ne 


you n 


M. doubled 25 f 2e=26=2x 26 16 Sum of Ex. 
| bs Tyr. 


{ 
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Dr. This is mighty plainly demonſtrated indeed 
But pray muſt I always put this Letter (e) to repre- 
ſent the Ratio? | 

Phi. This is at your Option; you may uſe any 
Letters, provided you put one for the Terms, and 
another for the Ratio, or Difference of the Terms. 


OBSERVATION 2. 


Any 4 Numbers or Quantities in Arithmetical Pro- 
portion, either continued or diſcontinued and inter- 
rupted, the Sum of the Means is equal to the Sum 
of the Extremes, | 3 


Numerical Demonſtration. 


Let the 4 Numbers in Arithmetical Progreſſion be 
4, 16, 28, and 40, whoſe Ratro is 12; then it is 
plain that 16 + 28 the Means, is equal to.g + 40 
the Extremes. 

Literally. 

Let à repreſent the firſt Term 4, and put æ for 
the Ratio 12; then will a + x = 16, one Mean, 
and a + 2x = 28, the other Mean, and a + 3x 

= 40, the laſt Term or Extreme. 


P PROOF, 
Means. | Extremes. 
42 4 x'= 16 Bow 2 
a + 2x = 28 2 + 3x= 40 


: — — 


— 


Means 2a + 3x = 44 Extremes a + 3K 44. 
N. B. It would be the ſame if the Numbers had 
been diſcontinued, provided the Interruption be be- 
tween the 2d and 3d Term, Thus, ſuppoſe the 4 
Numbers were 4, 16, 124, 136; then 4 + 136 = 
16+124=140, For there is the ſame Ratio be- 

NY, | tween 


— 
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tween the 3d and 4th, as there 1s between the 1/2 


and 24, VIZ. 12. | | 

Tyr. I heartily thank you, kind Philomathes : 
Have you atiy Thing further to add upon this ? 

Phi. T am not willing to leave any Thing out that 
may be ſerviceable ; but I think I have ſaid enough 
upon this Rule for your preſent Occaſion. How- 
ever, it may be expected I ſhould teach you to work 
ſome Queſtions, or at leaſt give you ſome Rules to 
work them by. | 

Tyr. I think that Mr. Yard (in his Arithmetic, 
Page 76) ſpeaks of twenty Theorems belonging to 
this Rule; but he has given Examples only of two 
of them, and the other eighteen I find in his A- 


gebra, Page 186, but having no Rule tor them, they 


are (I ſhould think) beyond the Reach of moſt Learn- 
ers. I ſhould have liked he had given the Rule for 
finding them, though he had not done the Operation 
itſelf ; becauſe by a plain Theorem, or Rule to work 
by, any aſſiduous Learner would know how to put 
Things in Practice that are not very difficult; but 
how ſhould he know when he has no Rule to go by 
nor any Tutor at Hand ? | | 

Phi. Had he given you the Work of ſix Theorems. 
with their Rules, you might with Eaſe have found 
aut the reſt; as you will diſcover by the fix follow- 
ing Caſes; the 2d and 5th of which will anſwer to 
his two in Page 74 of his Work. 


C As E 1. 


The Number or Places of Terms, and the Ratio or com- 
mon Exceſs being given, to find the laſt Number. 


_ Multiply the Number of Places leſs one, by the 
Ratio or common Exceſs; and to that Product add 


tne firſt Number, and the Sum will be the laſt 
Number, 


CASE 
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CASE 2. 


The firſt and laſt Number (viz. the Extremes) and the 
Number of Terms being given, to find the Aggregate 
or total Sum of all the Series. 


Add the firſt and laſt Numbers together, and mul- 
tiply the Sum by Half the Number of Places, and 
you have the Total of all the Series added together. 
Or, in Caſe the Number of Places be odd, then add 
the firſt and laſt Numbers. together, and multiply 
the Sum by the whole Number of Places, and divide 
that Product by 2, and you have the Aggregate or 


- 


- | CASE 3. 
The Extremes and Total T ny to find the Number of 


| erms. | 
Add the Extremes together, and divide the Total 


by their Sum, and -the Quotient will be equal to 
Half the Number of Places. 


; CASE 4. 
The Total and Number L Terms given, to find the lajl 


| umber. | 
Divide the Total by Half the Number of Places» 
or in Caſe the Terms be odd, divide double the To- 
tal by the Number of Terms, and the Quotient will 
be a Number; from which if you take the firſt 
Term, the Remainder will be the laſt Number. 


CASE 5. 
The Extremes and Number of Terms given, to find th: 
Ratio or common Exceſs. 


From the greater take the leſs Extreme, and the 


Remainder ſhall be a Dividend ; then from the _ 
| er 
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ber of Terms take Unity, (viz. 1.) and the Re- 
mainder ſhall be a Diviſor; and the Quotient riſing 


from them ſhall be the Ratio, or common Difference 
of the Terms, 


CASE 6. 
The Extremes and common Exceſs given, to find the 
Number of Terms, © 


From the greater take the leſs Extreme, and di- 
vide the Remainder by the common Exceſs ; then 
to the Quotient add Unity, or 1, and that Sum will 
be equal to the Number of Places. 

Tyr. Theſe Rules are very plain indeed, they need 
no Example, 

Phi. Example and Precept are beſt together, 
therefore I will give you an Example in Caſe the 24 
and Caſe the 5th, and you will, no Doubt, do the 
reſt upon firſt Trial. 


EXAMPLE of CASE 5. 


Let the Number of Places be 8, the Extremes 4 
and 39, I demand the Ratio? 

Firit, 39 — 4 = 35 Dividend, then 8 — 1 = the 
Diviſor, and 35 = 7 gives 5 the common Exceſs. 
Proof 4, 9, 14, 19, 24, 29, 34, 39. 


Or literally thus : 
Let x = 4 leſs Extreme, and e = 39 the greater, 


fg — A 


1 


and þ = the Number of Terms; then will 


= the Ratio as above. | 

Tyr. I underſtand it very well. Now give me 
one Example of Caſe the 24, 

Phi. I will. 
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EXAMPLE of CASE 2. 


Let the Numbers be as above, viz. 4, 9, 14, 19, 
24, 29, 34, 39. It is required to find the Agpre- 
gate or total Sum of all the*Terms added together. 


Firſt Number or Extreme 4 
Laſt 39 


| 43 Sum 
This x 1 Number of Terms, viz. 4 


LY 


Total 172 


Or literally thus : 


Let x be the firſt, and e the laſt Number, and let 
b repreicnt Halti the Number of Terms, 


Then x + e = 43 as above 
1 


Total bx + be = 172 as above, 


So that from hence you ſee another Rule to find the 
- Total, viz, Multiply the leſs Extreme and the greater 
ſeparately by Half the Number of Terms, and add 
their Products together, it will be the Sum of all the 
Series. And thus, x, e, and b, may repreſent the 
Extremes and Hali the Terms, be they ever ſo many 
which you are carefully td obſerve. | 

Tyr. I like this very well, and I am ſure it is far 
from being hard. | 

Phi. I ſhall leave you a Queſtion to try at your 
Leiſure to ſee if your Anſwer be like mine. 


Three cr four Men in Company were diſtuting con- 
cerning the Diſtance, and the Time it would take 19 
gather 


— 
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gather up Stones laid each a Yard aſunder for one 
Mile in Length, and bringing each Stone back to the 
Place they began at, A filly bragging Fackey (who had 
preſent a good Horſe) ſaid he could ride further than 
contained to that in three Hours. A Sharper in Com- 
pany taking Advantage of his Folly, ſaid he would ven- 
ture him fifty Guineas he did not ride his Horſe ſa far in 
three Days; the Fockey unwarily conſents; the Mager 
is flaked, and he was to fet out noxt Marning; but long 
— this be. found it vetier telt it loft than make 

rial of ſuch on ien, it beins 3 549080 Yards 
= 880 Miles and . al, ; which is if wards of 2931 
Mites a Day. 

Tyr Surprizing! I will try at it very ſhortly. 
Pray what comes nex* ? 12 

Phi. Geometrical Progreſſion. 


K 


r, I. 
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Tyr. HAT is Geometrical Proportion ? 
| Phi. Geometrical Proportion, or Pro- 
greſſion, is when Numbers or Quantities differ from 
each other by like Ratio or Reaſon, as in Arithmeti— 
cal Progreſſion, only with this Difference, that in 
n Arithmetical Progreſſion the Ratio is the Effect of Ad- 
/ dition, but in this of Multiplication, by having one 
common Multiplier 
Tyr. Pleaſe to explain this more clearly to me ? 
Phi. Obſerve then, 2, 4, 8, 16, 32, 64, = Oc. 
are Numbers in Geometrical Proportion, and differ by 
double Reaſon the one from the other, the common 
Multiplier being 2. They are every one you ſee the 
| Double 


| 

' 

N 

7 

| 

5 

A þ 


120 'Of PROPORTION. 


Double of the preceding Number. So alſo 4, 12, 

6, 108, Oc. differ by triple Reaſon, each Term 
being three Times its preceding one. And 1, 4, 16, 
64, 256, Cc. differ by quadruple Reaſon, Ec. E. 
Oc. 

Tyr. I underſtand you now perfectly well. 

Phi, Then you are to obſerve as follows. 


OBSERVATION 1. 


Any three Numbers in Geometrical Proportion, the 
Product of the Extremes is equal to the Square o 
the Mean; that is, equal to the middle Term mul. 
tiplied by or into itſelf, | 
Let the 3 Numbers be 4, 16, and 64, Here x 
64 = 16 Xx 16 = 256, &c, 


Literal Demonſtration. 


Let x repreſent the firſt Terms or Extreme, and 
let e be put for the Ratio, then will xe be the Mean, 
and xee the laſt Term, or other Extreme; then will 
x Xx xte be = the Square of the Mean xe, viz. vx 


PROOF. | 

Extremes. Mean. 

„ xe S 16 
xee 64 * 16 

Product xxee=256 xxee=256 


Tyr. I underſtand the Example very well. 
Phi. Once more then obſerve. 


OBSERVATION 2. | 
Any four Numbers or Quantities in 2, either 
continued or interrupted (provided the Interruption 
be between the 2d and 3d Term) the Product of the 


Means is equal to the Product of the Extremes. 
P | ** 
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EXAMPLE. 


Let the 4 Numbers be 5, 15, 26, and 78 inter- 
rupted; then 5 x 78 = 15 x 26 = 390. It will 
be eaſy to prove the ſame literally as above. 


| OBSERVATION 3. 


The Ratio of any Series of Numbers in = con- 
tinued, is found only by dividing any of the Con- 
ſequents by its Antecedent, that is, dividing any 
Number by the preceeding Number. 


OBSERVATION. 4. 


Whenever ſo many Numbers or Quantities differ 
by double Reaſon, a"d it is required to find the laſt 
Number of all, the general Way of moſt Perſons is 

= 1 double the 1/7, 24, zd, 4th, &c. Number, and 
„. o continue to do till they have doubled as often as 
11 chere are Terms given. But, 
*. (+ There is a better Way when the Places are a 
great many, for you have no Occaſion to double but 
a few of the Terms, and then multiply that Number 
into itſelf, and the Product will be the Double of 
the Terms wanting one ; which doubled, gives the 
next Term, Cc. Cc. 

Tyr. This muſt be further explained to me, I do 
not apprehend it. 

Phi. It is a little dark in Words only; but you'll 
underſtand it the Moment you ſee it done. 

Suppoſe then a Series of Numbers in = from 1 to 
do Places were given, which differ by double Reaſon, 

ithe and it was required to find the laſt Number. Firſt 
tion couble a few of them, ſuppoſing to the 57h Place 
f theſſl (which may be done by the Head only) then ſquare 
| this Number, it ſhall give you the 9th Term ; which 

Ex. | G | doubled, 
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doubled, gives you the 10th Term; this ſquared 
gives the 19th Term; which multiplied by 2, gives 
the 20th Term; this ſquared gives the 39th Term; 
which into 2 gives the 40th; this into itſelf gives 
the 79th; and laſtly, this doubled gives the 80th or 
laſt Term, Sc. &c. Sc. . | 
Tyr. You need not demonſtrate it any further; 
but how ſhall I find the Sum or Total of all the 
Series? | 
Y Ro 26 Very eaſily, by either of the following Me. 
thods, | 


OBSERVATION 5. 
To find the Sum of all the Series. 


1. Multiply the laſt Term by the Ratio, or con 
mon Exceſs, and from the Product ſubtract the fil 
Term; then divide the Remainder by the Ra ; 
wanting 1, and it will give you the Sum of the x 
Series. Or rather, | 

2. From the laſt Term take the firſt, and divide 
the Remainder by the Ratio, or common Exceſs, leſs 
Unity or 1; then multiply the Quotient by the Ru- 
tio and to that Product add the firſt Number, and 
you will have the Sum of all the Series. 

Tyr. TI heartily thank you, kind Ph:lomathes, for 
your Trouble. | 

Phi. I ſhall not give you any Examples at large, 
but only ſhew you that the Increaſe of Numbers in 
= is beyond the Belief or Conception of People in 

eneral. Thus, a Horſe having 8 Nails in each 
hoe, and being bought or ſold at only 1 Farthing 
the firſt Nail, and double the Price for the next till 
ou come to the 32d Nail, would amount to the 
Fel of { 4473924 55. 34.3. And one Nail more 
would make it J 8947848 10s. 7d. 2. Thus allo 


it 
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if a Farmer's Servant ſhould agree with his Maſter to 
ſerve him 20 Years, for 1 Grain of Wheat only 
the firſt Year, and 10 the next, and ſo to have 10 
Times the Number every Year, he would have 
1111111111111I111111 Grains for his Service. 
ow allowing according to the Standard, that 7860 
Grains make a Pint the Number of Buſhels will be 
226050 163425926 nearly; which at ſo-ſmall a 
Price as half a Crown a Buſhel will amount to 
2825701678240: And ſuppoſe a Ship to carry 
ooo Loads for her Burthen, it would take 1000 
imes more ſuch Ships in Number than the whole 
Vorld can furniſh. Which according to the fore- 
zoing Rules you may try at your Leiſure. | 
Tyr. Surprizing indeed ! depend upon it I will try 
t for Curioſity ſake ; but pray before you finiſh this 
ead give an Idea of Harmonical Proportion. 

Phi. Harmonical or Muſical Proportion is when in 
nc i Numbers given, the Difference of the 1/7 and 24 
to the Difference of the 24 and 3d, as the 1/ is to 
e 24; or when in 4 Numbers given, the Difference 
les Er the 1/t and 2d is to the Difference of the 3d and 
Na. b, as the 1/7 is to the 4th. And, 
Contra harmonical Proportion is when in 3 Numbers 
ven the Difference of the 1/7 and 24 is to the Dif- 
rence of the 2d and 3d, as the 3d is to the 1/7; 
d ſuch are 6, 10, and 12. + 
Tyr, I am obliged to you. Pray what is the next 
hing we are to learn? | 

Phi. You are now come to Equations, and pra 
ke the greateſt Care you poſſibly can, for the ſolv- 
g of Algebraic Queſtions depend upon the true 
nowledge thereof. | 


G2 D. 


Dr. I will be diligent to obſerve what you ſay. 
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DIALOGUE VIII. 
of EQUATIONS. Mt 
8 E N ſe 


Of REDUCTION. 


Tyr. W HAT do you mean by an Equatian? e 
Phi. An Equation is an exact Equality, 1 

or the, mutual Agreement of two or more Thing MW 
when compared together. Thus, when a Pound 
Sterling is compared with Shillings, it is found equally 
to 20, and a Crown compared with Groats is equal 
to 15 ſuch Pieces; therefore there can be no Eg. 
tion where there are not two Things at leaſt, becauſ un 
there can be no Analogy or Compariſon : And when 
there are two Numbers or Quantities, or more, tot": 
be compared with each other, you will always find 
this Sign or Character (=) placed between them. 4 


Demonſtration. 


Suppoſe x to repreſent a ,. Sterling, and d 240 
Pence its Equivalent, then it is evident that x = 


Again, Suppoſe g to repreſent 5 Shillings, and e Nu 
Groats, then will g = e. But ſuppoſe g to repreſenMeq, 
a Shilling only, and e one Groat only, then theWan, 
muſt be Numbers before the Quantities to form on 
Equation; for whereas before g was equal to e, nos =4 
here it will be g = ze, or 5g = I5e; viz. 15. = 
Groats, 5 5. = 15 Groats, &c, 
Tyr. I underſtand the Demonſtration very well. * 


Phi. You are further to obſerve, Tyrunculus, thi 
| ˖ 
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in every Eguation there are two Parts; that Part 
which ſtands before the Sign is called the firſt Part 
and that after it the ſecond. ee 


EXAMPLE. 


Suppoſe x = 4b + c, then is x on the firſt Part 
equal to 4 Times the Quantity repreſented by h on 
the ſecond Part, together with the Quantity repre- 
ſented by c, added to it. 

Tyr. Pray how are Equations formed ? 

Phi. This is a Queſtion that I cannot anſwer as 
yet to your Underſtanding ; but you may learn thus 
far, that when one or more Letters, repreſenting any 
known Quantity, are found on the ſame Side of the 
Equation with other Quantities that repreſent un- 
known Quantities ; then they muſt be ſo managed 
as to be brought on the other Side of the Equation ; 
ſo that one Side of the Equation muſt be poſſeſſed by 
unknown, and the other by known Quantities, with 
the Sign of Equality between them ; and thus will 
the unknown Quantity be diſcovered: And this is 
called Tranſpoſition. From hence will follow theſe 
n. Arioms, or ſelf-evident Principles, which I beg you 
would get by Heart, at leaſt ſo as to know their Uſe 
and Meaning, 


AXIOM 1. 


= lf equal Numbers or Quantities be added to equal — | 
1 Numbers or Quantities, their Sum will ſtill de 
eſenWequal ; that is, ſuppoſe à was = 4, then by adding 

any Number or Quantity to each Side of the Equa- 
on (ſuppoſe 12) it will Aal be equal; that is a+12 
S4 T 12, 216, Oc. 


AXIOM 2. 


yell, If equal Quantities or Numbers be ſubtracted 
th rom equal Quantities or Numbers, the Remainder 
* 9 Vill 


= — » = — — 
— — 9 _ On — "ne 
- — 2 - - 
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_ ” "2: 
> 
Fo ä — 5 
. 8 n * 
— 


— << 
—_ -- 


— — OO — RO — — 
— — — 


126 Of reducing EQ uAT ION s. 


will be equal. Thus, ſuppoſe x=12, then by ſub. 
tracting 8 from each Side, x—8=12, —8=4, Oc. en 


Ax IOM 3. 


If equal Quantities be multiplied by equal Quan- 
tities, the Products will be ſtill equal. Thus, ſw. WM is 
pole x=8, and I multiply each Side by any Quan- IW t/ 
tity or Number as 12, then will 12x=96, This is Hit 


plain from the next Axiom. 


| AXIOM 4. Sa 
If equal Quantities be divided by equal Quanti- 0 
ties, the Quotients will be equal. Suppoſe 12x=56, | 
then dividing by 12, x will be equal to 8, as pe 
Axiom 3· 
AxXxIOM 5. 


Thoſe Numbers or Quantities that are equal to the 
one and the ſame Thing, are equal to one another; 
that is, ſuppoſe x, or þ—c, or 5e+6, were either of L 
them S to 144, then are they alſo'&ual to each other. , 
Jou will ſee more of the Nature of theſe Axicn: 


in the next Section, in treating of Tranſpoſition. 0; 
SECT: I, 

REDñVUcT ION by ApD1T1ON, or, the Method off} 5, 

TRANSPOSING Numbers and Quantities. , 
Tyr. \ ( T HAT do you mean by Tranſpoſition? 1. 7 
- Phi, Tranſpeſition is the tranſpaſing, al cha 
tering, changing, or removing any Thing from one Won | 
Place to another, To tranſpeſe then any Number of ! 
Quantity, is only to remove it from one Side of the Wot i 
Equation and placing it on the other with the con- 7 
trary Sign; and this anſwers to Axiom the I/ and 24. F 


Tyr. If I remember, you uſe this Character (e 
for Tranſpoſction: Do you not? i 2 
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Phi. Yes, I ſhall throughout the Work, and where 
ever you meet with it read the Word tranſpo/ing. 
Tyr. Very well. Pleaſe to give me ſome Exam- 
ples in Addition? 
> Phi. I will; and pray remember, that Addition 
is nothing more than removing every negative Quan- 
tity to the contrary Side of the Equation, and making 
it affirmative, | 
; EXAMPLE T. 
Suppoſe | 1 | x—bc, Then $—b 
2 | x=c+b Anſ. 
Or be Axiom 1 adding + 6 to each Side of the Eguae 
tion, it will be | 
I , x—b=c 
2 | +b=+6it is | 
3 | x=c +6 as before; becauſe — B x 3 on 
the firſt Side of the Equation deſtroy each other, 


EXAMPLE 2. 


Let | 1 | x—d—b=g. Then — b 
2 | x—=d=g+b. And o = A — 
3] x=g+d+b. Anſ. 


Or by adding + 4 + 6 to each Side, 
I | x—d—b=g 
2 | x+d+b=+d+56, it will be 
3 | = AAN as before, becaule — 4+b and 
bon the firſt Side deſtroy each other, 
Thus you fee Tranſpoſition agrees with Axiom 1. 
Tyr. I perceive it does; but it is leſs Trouble to 
change the Signs, than it is to add equal Quantities 
on each Side, 
Phi. It is; but ſtill Axiom 1. ſhews you the Reaſon 
of it, which perhaps you might not have known elſe. 
Tyr, Pleaſe to give me another Example, and 
prove it by Numbers ? 
Phi. Obſerve then. 


G 4 Ex- 
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EXAMPLE 3. 


Let | 1 | x—bc Ada Then 9 — 4 
2 [* Saad And ꝙ — bc 
3 |] x=aa+d+bc. Anſ. 


o * 


Numerical Proof. 


The Equaton is x—bc—d=aa. Make —- beg — 12; 
—d=—8, and aa=25. Then will it be 
i | x—-12—8=25. Then — 8, 
12 | x—12=25+8. And 9 — 12. 
3 | x=25+8+12=45=4a-+4+bc as before, 
nd thus you ſee that Quantities may be repre- 
ſented by any Numbers at Pleaſure, and the Value 
of the unknown Quantity x may eaſily be diſcovered, 
Tyr. I like this very well indeed. Give me ſome 
more Examples. 


Phi, I will. 
EXAMPLE 4. 


Let | 1 | 5x— 8=24—x, Then p — 8 
2 | $x5=24 +. 8—x. And o - 
3 | 5x +x, that is, 6x=24+8=32 Anſ. 


EXAMPLE 5. 


1 | x—d4—bc=aa—12b. Then e — bc 
2 | x—d=aa—12b+bc. Andp — 4 
3 | x=aa—12b+bc+4. Laſtly,  — 126 
x + 12b=zaa+bc+4d. Anf. 
Do you underſtand it ? 

Tyr. Yes, very plainly, 

Phi. Then we will proceed to Subtradtion, in 

which I ſhall give you the ſame Sort of Examples as 
in Addition, that you may ſce the Nature of both 


the better. 
L SE LE© TT; 


*Let | 


4s 


ee” Aa. 


it 


ea 


* 


Let 
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, . 


REDUCTION by SUBTRACTION. 


a | Underſtand Addition very well, and appre- (ol 
hend Subtraction to be only the Reverſe of it. 

Phi, You are right, for here you have Nothing to 
do but to tranſpoſe the affirmative Quantities or Num- 
bers to the other Side of the Eguation, and place the 
negative Sign before them. 


— — — 
— - ” — 
— —jͤ— ñ—I 


EXAMPLE I. 


ä—d———— p vx—— — 2 —Ä 2c. - - 


Let | I | x+b=c. Then 6b * 
2 | x=c—b Anſ. See Ex. 1. Addition. 5 
Or by Axiom 2, ſubtracting — 5 from each Side, $ 
it will be the ſame, Thus, ; 
I | x+bþ=c., Then ſabtracting 4 
214 —b==—=b, it is | 9 
x=c—b as before; for + b—b deſtroy 1 
each other on the firſt Side. | {Y 
1 
EXAMPLE 2. = 
Let | 1 |] TAT Z. Then e 5 4 
2 | x+d=g—b. And e + 4 * 
3 | x=g—b—d Anf. 1 


Or by ſubtrating—d—b from each Side. 1 
I | x+d+b=g. Then 

2 | —d—-b=—d—b 1 

x=g—b—d, as above; becauſe + d + 5 F 

—4—5 On the firſt Side deſtroy each other. 4 


54 ” = — * | go — — = . 
—— ͤ ! —ů es — 1 An — — LIE 2 


in EXAMPLE 3. 
es as Let | 1 | x+bc+d=aa. Then o + d 
Doth 2 | x+bc=aa—d. And © + bc | '1 
3 | x=aa—d—bc An. _ 
Ti | G 5 Ex- 4 


— — 
25 * — 


— — 


f 
1 
' 
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Numerical Proof. 


The Equation is, x + bc + d = aa. Now let + 
bc = 12, d = 8, and aa = 25. Then it will be 

1 | x+12+ 8=25. Then 8 
| 2 | x+12=25=— 8. And o 12 
3 Xx 225 — 8—12=5 Anf. =aa—d—bc, as 
above. 


Pleaſe to compare this with Example 3 in Addition 


”=_ will ſee the Quantities are the ſame, but the 


ifference of the Value of x is 40 leſs here than it is 
there, becauſe you ſee that what is affirmative there is 
negative here. And indeed I am of Opinion, that the 1 7 
comparing of them with each other will ſhew you 
more the Nature of each, than many Examples whoſe 


Steps are not alike, and confuſedly demonſtrated. 


Tyr. Indeed l think it almoſt impoſſible not to un- 
derſtand it, fo plain as you have done it. 
Phi. Here follows then 


EXAMPLE 4. 
Let | 1 | 5x+ 8=24+x. Then e + 8 
2 | 5x=24— 8+x 
gx—x, that is, 4x=24—8=16, 
See Example 4 in Addition, AER & 


EXAMPLE 5. 


Let | 1 | x+4+bc=aa+12b. Then ꝙ bc 
2 | x+d=aa+12b—bc, And d 
3 | x=aa+12b—bc—4. Laſtly, o 12 6 
| 4 | x—aa=12b —bc—d Anſ. Compare this 
with Example 5 in Addition. x 
Tyr. I ſee the Nature of both plainly. Have you 
any Thing further to add ? | 2 
Phi. It may not be amiſs to give you an Example 
to exerciſe you in both. : ; 
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An EXAMPLE in both RULES. 
Ex AMP IL E 5. 

4x—g+b+c—d=142. By - 

4x +b+c—d=142 +8. By o , 

4x +c—d=142+g6b. Then pc, 

4x—d=142+g—b—c. And p—d, 

| 4x=142+g—b—c+4d Anſ. 

Numerical Proof. 


Let | 


Un > WW Þ 


Let —=g=—8, +b=12,+ c = 6 and — {= 16 


) 

; W what will x be? 

Then, | 1 | 4x—8+12+6—16=142. By p—8, 

l 2 | 4x +12 +6—16=142+8. By @ 12, 

c 3 | 4x+6—16=142+8—12. By? 6, 

4 | 4x—16=142+8—12—6. And g 16, 

5 | 4x=142+8—12—6+16 Ar/. as above. 
That is, 

6 | 4x=166—18. That is, 

7 | 4x=148. Therefore by dividing 148 

by 4, 


8 x 2 = 47 An 


Tyr. I like this numerical Proof very much, it is ſo 
plain, and the firſt five Steps agree ſo with the literal, 
that there need no more Examples of this Sort. 


one Quantity at a Time, becauſe you might ſee the 
gradual Order of the Work; but you may as well 
Wl #ran/þo/e them all at one Stroke, for it is only uſing 
bi the contrary Sign you know; however, this is left 

to your Liberty and Practice. . 
Tyr, I underſtand you very well. Pray what 
comes next? | 
Phi. Xou are now come to Multiplication, where 

you will begin to ſee the Beauty of Equations. 
| G S ECT. 


you 


pl 


Phi. I have proceeded indeed but one Step and | 


= if 
- * 
4 
77 
93133 
| N 
N P 
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SECT. IV. 


REDUCTION by MULTIPLICATION. 
Tyr. | OW is Multiplication of E quations per- 


formed ? 
Phi. Multiplication is performed as follows: 
1. When there is an Equation between two Frac- 
tions having a common Denominator, then caſt away 
or cancel the common Denominator, and the Nu- 
merators will be equal to each other. 


5 


2 


X — 7 Anf. . 

2. Or if the Fractions have not a common Deno- 
minator reduce them to one, after which expunge 
the common Denominator, and the new Numera- 
tors will be equal, 


EXAMPLE 2. 
Let |1| £=2. Theſe reduced to a C P. 


| 5 
| 2 Sw — 30 that is 
| 50 50 


13 | 10x==30 Anſ. 

3. Or if there be but one Fraction, and that be 
made equal to any whole Number or Quantity, then 
only multiply the whole Quantity by the Denomina- 
tor of the Fraction, and that Product ſhall be equa! 
to the Numerator, 


32 3. 


ned 1 * = 24 then 
EE Anſ. 
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4. Or, to prevent the Trouble of reducing the 
Fractions to a common Denominator, multiply the 
Numerator of the ſecond Fraction by the Denomi- 
nator of the firſt Fraction, and place the Product for 
a new Numerator over the ſecond Fraction, ſo will 
the Numerator of the firſt Fraction be equal to it in 
the ſecond Step. Then multiply the Numerator of 
the firſt Fraction by the Denominator of the ſecond 
Fraction, ſo will this Product be equal to the ſaid new 
Numerator, and the Equation will be cleared from 
Fraftions, and the unknown Quantity diſcovered, ' 


EXAMPLE 4. 


1a 108 
et I — FL Then 108 XxX 12 
1290 Then x 4 


2 & 2 


5 ff 
31411296. Then muſt 


1290 — 324 Anſ. — 
: | 


— 


Tyr. I like this Way beſt I muſt confeſs. | 
Phi. When the Numbers or Quantities are many, 


4 X = 


it is leſs Trouble indeed to do it this Way, Now 


perhaps you will be diverted with the Proof. 
Tyr. I ſhould be glad to ſee the Reaſon indeed why 


*. Ro... 
Iz is equal to ——. 
Phi, That you ſhall directly, and in a few Words. 
Firſt, x is proved to be equal to 324 as above ; then 
324. 108 22 

128 4227. So that SS Q. E. D. 

Tyr. Very pretty indeed! But pray give me Leave 
to ſet you a Queſtion, and to deſire you 20 do the 
Work at large : I aſſure you it will be of great Ser- 
vice to me, and I ſhall need no more Examples of 


0 


this Sort? Phi, 


On. 


«SE 


RF. err 


— ata — — 


L — — ee. — 
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Phi. You know or may know, I am always ready 
to ſerve you, Pray propoſe the Thing ? 


EXAMPLE 5. 


Tyr. Suppoſe + 12 = = + 14, what then is x 
equal to? 


Phi. A very pretty uſeful Queſtion, and I will do 
it ſo plain that I believe you will be ſatisfied with 
the Manner of it, becauſe I ſhall demonſtrate it as a 


ſtanding Rule for all ſuch Examples. Let A 12 
| LOS 11S 
— ＋ 14. 8 


DEMONSTR ATION. 
Firſt, I multiply the whole Number 12, and the 


Numerator of the ſecond Fraction, (viz. 2X )and the 


whole Number 14 into the Denominator of the 
firſt Fram, viz. 4, and the Product are 48, 8x 
and 56: But whereas the Sign of Equality (=) falls 


between the whole Number 12 and the Fraim — 


7 
I ſtill keep it always in the ſame Place, till I V.. 
done multiplying the Whole; therefore it will be 3x 
+ 48 = 8x + 56, under which I put the Denomi- 
nator of the ſecond Fraction, and ſo is the firſt Side 
of the Equation cleared of Fractions, and will ſtand in 


the ſecond Step, thus, 3x + 48 == + 56. Then 
to clear the ſecond Side from Fractiont, I now mul- 
tiply every Member of the ſecond Step into the Deno- 


minator of the ſecond Fraction, viz. 3. except it be 
SEE : Its 


rn i Wd» - Vy vw Yo 


| + ww 


3 DB Q 


e 
3 


braically, Dialogue 10, Problem 29, 8 
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its new Numerator 8x, and then it will be in the 
third Step 9x + 144 =8x + 16K and thus is the 


whole Equation freed from Fractions. Now tranſ- 


poſing 8x+and + 144, I have in the fourth Step gx 
— 8x = 168 — 144; that is, x = 168 — 144 = 
24, the Value of x required. (See the Work at 
large as follows, and compare it with what is above.) 


The Operation of EXAMPLE 5. 
Let 55 Ll . + 12 2 2 + 14. Then X 4 
4 r 4 

8 * 1 + 56. Which x 3, the 
Denominator of the ſecond Fraction is 
gx +144 =8x + 168. Then 98x + 144, 


gx — 8x = 168—144. That is, 
x = 24. Anſ. 


PROOT. 


To prove that E + 1 K * 14. 
* 


F irſt x = 24 as above, then muſt 3x + 32, that 


is, 12 + 12 = 30; and ſo alſo 2% that is 48 + 14 
40 3 3 
2 30. Q. E. D. 
Tyr. Nothing can be plainer, nor more eaſy to be 
underſtood. | 
Phi, If due Attention be given, as you obſerve, 
it is eaſy enough ; I ſhall therefore leave one more 


Example with you, and haſten to Diviſion. 


N. B. This is called Synthetical Demonſtration, or Compoſition, 
and you may ſee this Equation turned. into a Problem, and ſolved Alge- 


Ex- 


Let ] 1 | 4x 
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EXAMPLE 6. 


[#+16=3 — 18. Firſt xg 

FT +1 6 18. Fiſt 1 

| 2 | 4x +144 = 65 — 162. This x 6, 

24x + 804 =27x—972. Then o 24x 
: and — 972, 8 : 

864 +972=27x—24x. That is, 

1836 = 3x. Therefore | 


SG UW 


Le | 
' Suppoſe that 36 + = 72, then will x be found 
whe 4 VE TY 
$ But here, Tyrunculus, you muſt obſerve, that 
if at any Time the Square or Cube of any unknown 
Quantity ſhould in the laſt Step of any Equation, be 


found to be equal to ſuch Number or Quantity, then 
muſt you extract the Square or Cube Root of ſuch 


Numbers, and you will then have the Value of the 


unknown Quantity itſelf, Thus, ſuppoſe xx ſhould 
at laſt fall out to be equal to 81, then is x =9 the 
Square Root thereof; and if xxx = 64, then will 4 
= 4 its Cube Root. 


3730 EXAMPLE 7. 
Let 1 = Then 
1 xx=176+ 20, that is, 


2 
3 | xx=196. Therefore 
4 | x=»/ 196=14 An. 


Ex- 


f 
b 
[ 
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EXAMPLE 8. 


Let | , | xxx  dgx 
T + ad ow p 
bagx 


2 | xxx + bc + bf = = 


x 
xxxx + bex + bfx=bdgs. Then x 
xxx +bc+bf = bag 


| x = Va-. : 


Fr. I need no more Examples, what you have 
ſhewn me already is ſufficient. | 
Phi. You may indeed reduce any ſimple Equation 


by what you have ſeen, therefore we will proceed to 
Diviſion, : 


UF Ww 


i 


* 


1 
RE DU cTIoR by Divis1oN. 
Tyr. P RAY how is Diviſion of Equations per- 


formed ? | | 

Phi. When any Quantity or Quantities that are 
alike, poſſeſs both Sides of the Equation, divide each 
Side by the ſaid Quantity, (which is the ſame as to 
reduce it to its loweſt Terms) and then will one 
Side be {till equal to the other: and if'there be Frac- 
tions, clear the Equation of them, by multiplying all 
the Parts by the Denominators of the Fraction, as 
in Multiplication. 


EXAMPLE 1. 


Let | I | xx=16x+12x, then = by x, 
2 | x=16+12=28, by Axiom 4. 


( - 


Ex- 


25 


7 =o 
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EXAMPLE 2. 
xc & be x ＋ dex c Fr. Then e 
xx + bx + dx =x +ffs. Then -x, 
x+b+d=1+ff Anſ. 


EXAMPLE 3. 
Let br erg. Then Lc, 
12 = Anſ. 
757. I do not * apprehend this laſt Example. 
Can you demonſtrate it by Numbers ? 


Om Yes to be ſure, and will. Let 28 
— 4, and g = 12, then gg 144. 


Numerical Proof of EXAMPLE 3. 


al | 8x—4x=144s then + by 8—4 


x = 144 = W-=36-6f. rats 
E 5 -c 5 
Dr. I heartily thank you Philomathes, and am 
mightily pleaſed with it, But if there be Fractions, 


what do you ſay I am to do as I did in Multiplica- 


tion? 

Phi. Yes, after having firſt abbreviated the Nu- 
merators, or dividing them by like Quantities or 
Numbers, (for the Denominators are never divided) 
you proceed then to multiply croſs-ways, as in Di- 
viſion of Fractions, till you diſcover the unknown 
n 

Tyr. Pleaſe to give me an Example? 

Phi, 1 will, 


Ex- 


tic 
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EXAMPLE 4. 
Let 1844 _ 7ox 


X—4 x—b 
x, you have 
1 Th ws 
4g =: ow hpi 
3 84 = 12220, Then 84 x — 6, 
; x—0. , 
4 84x—504=70x—280. Then þ ox and 
15 84x—70x 504— 280 = 224; that is, 
© | 14x=224. Therefore, | 
= 224 = 16 Af. 
7 x 7 : | in 
Tyr. And can you prove this laſt Example /nthe- 
tically, as you did in Multiplication ? þ 


Then + Numerators by 


A ſynthetical Proof of Exams 4. 


You ſee that v is =16, then £# that is, 5 


=112, the firſt Side of the Equation, Again, £20 


. 
x—b, 


12 is, — 5 = 112. Conſequently therefore, 
11 | 
; $4x 70 x F 

WES 


Dr. Not one Thing that you have demonſtrated 
pleaſes me better, nor gives me greater Satisfaction. 
Phi, I will give you an Example or two more, 


Ex- 


Phi. Yes, moſt certainly, the Work be done 
n "x3 Se ods x A# 


x=4 16— 4 


n.. - 
” 


5 , *S 2a * * 
— a = — 


* 
— DIS 9 


2 — — + — 2 
— — — — — ef, — _ 


E—_  W— — — 
— 
— 2 — — - 
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EXAMPLE . 
Let | 1 | dx fu du can + if Then 


3 =fx+f/x. Then & 
, * b -I FA. 
Here indeed the known Quantities and the un- 
known Quantity (which we ſuppoſe is repreſented by 
x) both poſleſs the firſt Side of the Eguation, in Or- 
der therefore to let the unknown Quantity x poſſeſs 
one Side by itſelf, do thus: Let the whole Zquation 
be divided by the known uantity or Quantities, 
and then will the unknown Quantity x be equal to 
the Quotient of ſuch Diviſion, As 


EXAMPLE 6. 


Suppoſe in any Equation it ſhould ſo fall out, that 
xd—xb=c+g, what is x equal to? 


Let xd—axb 35 . hen d —5 
| | = e 


EXAMPLE 7. 


t Again, Suppoſe in trying to diſcover the un- 
know Quantity, all the Dan happen to fall 
tagether, ſo as there is no Sign of Eguality between, 
then, in Order to form an Eguation, make ſuch 
Quantities the firſt Side, and put a Cypher on the 

ſecond Side of the Equation, ſo will the unknown 
Quantity be diſcovered, Thus, | 
Suppoſe | 1 | 12x—312, then 
2 | 12X—3I2=0; that is, 
| 3 | 12x=312, Therefore, 


+] x=22 = 26 


N. B. Sce the gth — roth Steps of Problems 18. 
Dialegue 10. Ex- 
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EXAMPLE 8. 


| 5xxd+ 8xx=xbc+ 4b, then = x 
5x4 +8x=bc+ 4b, then = 54+8 


Let | 


UW ND 


SECT. VL 


Hoto to convert or turn EQUATIONS into ANALOGIES, 
and the contrary. 


wa | Imagine that this Section depends upon a true 
* ge of the Nature of Proportion ; does 
it not! , by 
Phi. Moſt certainly, and therefore from what has 
been laid down in Dial. 7. See. 2. it will be eaſy to 
convert any Equation into an Analogy, or right Pro- 
portion ; and eſpecially ſince I ſhali take ſome of the 
lame Equations, and refer you back to the former 
Work, to confirm you the better in what you are 
doing. | 
OBSERVATION I. 


When any Equation (not having Fraftions)® is 
given to be converted into an Analogy, then it will 
be, as any of the Quantities or Factors on one Side 
are to any other on the other Side; ſo will the re- 
maining Quantity or Quantities on the ſame Side, be 
to the remining ones on the other Side, and vice 
verſa. | | 


EXAMPLE. I. 


Let the Equation be xd = cb. See the third Step in 
the Demonſtration, Dial. 7, Sect. 2. 1 
| et 


m— 
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Let | I | x4=c, then 

As x: c:: d: B. Or 
As x: O:: c: d. c. For the 1 Term 
* (the4)4= (2) c* (3) 5. Conſequently, 
xd=c 

Tyr. | perceive then, this is but a common Proof 
to Proportion. 

Phi. Nothing more; for if you compare this 
Example with the ſix Obſervations laid down in Dial. 

„ Set. 2. you may make a great many more Steps 
of it than I have done. 

Tyr. I ſee plainly the Manner of turning Equa- 
tions into Analogies when both Sides are whole 
Quantities ; but ſuppoſe one Side be a whole Number 
or Quantity, and the other a Fraction? 

Phi. Then you are to proceed as follows. 


OBSERVATION 2, 


When any whole Number, or Quantity i in an Equa- 
tion is made equal to a Fraction, whoſe Numerator 
has two Quantities and the Denominator but one; 
then break the Numerator into two ſuch Parts, 
which multiplied together, will produce the ſame, 
and make thoſe Parts the Means; then make the 
whole Quantity, and the Denominator of the Frac- 
tion the Extremes. Or' in other Words, make the 
whole Quantity the firſt Term in the Rule of Three, 
the Denominator of Fraction the fourth, and the Nu- 
merator divided into two Parts as before directed, 
make the ſecond and third Term. 


EXAMPLE 2. 


G 


| I | 1 . 
1 42 7 Then 
2 *: 3 . Or : 
3 &F d. That is, 
14 abe. See Demon/iration, Dial. 7: Seat. 2. 


1 
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Hr. I underſtand it very well, but ſuppoſe both 
be Fractions, how then? 

Phi. Certainly you forget Tyrunculus. Pray turn 
back to the fourth Step of Dialogue 7. Set. 2. for L 
ſhall give you the ſame Example. Or if you remem- 
ber what J told you in Abbreviations, you will find 
the Analogy will hold as follows, 


OBSERVATION 3. 


As one Denominator is to the other, ſo will one 
Numerator be to the other ; or as one Denominator 
is to its own Numerator, ſo is the other Denomi- 
nater to its Numerator, c. c. 


EXAMPLE 3. 
r 
* 


21: 2d. Or as 
$1x:b:: e: d, Ce. Ce. 
Tyr. J am obliged to you: Have you Nothing 
more to add ? | 
Phi. I will give you an Example by way of Ex- 


erciſe. 


Let 11 


EXAMPLE 4. 
xb+xd=bd. Then as 


Let] 1 
2|x:6::d;:b+d. For 
3\xxb+d=xb+xd, the firſt Side. And 
| 4 [&= bd, the ſecond Side. Or, as 
I:: : l: Or, by adding xd to 
| each Side, | 
6 | 'xb +2xd=bd+xd. Then, as 
7X: bT :: d: 2d. Or, taking x4 
| from each Side, 
8 xb =b4—xd. Then, as 
gf 4:d::b—-x: , c. &c, conſequently 
10 xb + xd=bd. | | 


Tyr. 


, 
”y 
= 
Y ” —. & 


r © v—_ — — — — «a — — 
- SS Iowa — — — 2 — 
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Tyr. Then I perceive by the third and fourth 
Steps that if one Side of an Equation can be di- 
- vided into two Parts, ſo as to become Extremes 
(which being multiplied together, will be equal to 
the Side before it was divided) the other Side being 
divided in the ſame Manner, will be the Means; will 
it not? 

Phi. Ves your Notion, is right; and I am glad to 
find you ſo perfect in what you have done: There- 
fore | ſhall bid you adieu, and leave you to conſider 
upon thoſe Examples, which you think yourſelf leaſt 
acquainted with; and when Opportunity ſuits, I 
ſhall be glad to ſee you and your Friend Novitius, 
and then we will put theſe Examples in Practice by 
ſome Algebraic Problems. 

Tyr. Sir, I am obliged to you; and I dare ſay 8 
Novitins will be as proud of the Invitation. 
But let me beg of you to ſtay a little longer, 

Phi, Not now, Tyrunculus, I think I have made 
you a long Viſit ; beſides, Night comes on a- pace, 
and I chooſe to go. 

Tyr. Sir, if you are determined to go, I heartily 
wiſh you a good Night, and humbly thank you for 
your Company, and I intend to do myſelf the Plea- W7 
ſure of waiting upon you very ſhortly. 


Phi, When you think proper Hrunculus. 
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Derr 


CHA P. III. 


- pn 
Wc K. 


DIALOGUE IX. 


Sadr. 1, 


Between PHILOMATHES and TYRUNCULUS, 
concerning the Nature of 1 599mg Problems, and 
how to prepare them for a Solution. 


— —_ — I T * * * = —_——_ 2 —e— — 
* 


ly Tyrunculus returning the Viſit to Philomathes. 


ig Tr. * MN Hilomathes, your humble Servant, how 
P 4 do you do? | 
hi. Thank you, Tyrunculus, I am 
pretty well, and am glad to ſee you ſo. 

Tyr. You remember I faid it ſhould not be long 
before I would call again to ſee you ; but, perhaps, 
| am not come at a ſuitable Time, | 
Phi. You could not have hit upon it better, Ty- 
unculus, it ſuits me quite well, and I was but juſt 


ray fit down, — But where is your Friend Novitius, 


expected you both together ? 
13 | H 


Tyr, 


» 
" — 6ꝛ)—̃ At. * 


before thinking of, and wiſhing for you. - Come, 


* — 
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Tyr. We are obliged to you, Sir, and I aſd MF, 
him to come, as you deſired, and he promiſed toe 
follow me. | 

Phi. Well, Tyruncutus, in the mean Time let me 
know how you go on, and what Improvement you 
have made ſince I ſaw you laft. | 

Tyr. I am afraid it will not bear too cloſe an Ex. 
amination : However, that very Night you left me, lt C 
I looked over the chief of what you have ſhewn me te 
and find myſelf much more perfect in it. ſe 

Phi. You have done well, it is all I required, and o 
you will be the better able to underſtand the follow. 
ang Problems. | | 

Tyr. I muſt confeſs I do not care how ſoon I beyin 
to try a few Queſtions, or at leaſt ſee them wrovyit, 
for you muſt know I am in a Hurry. 


Phi. You ſhall preſently ; but pray be not ſo over th. 
haſty ; fair and ſoftly, you know, go the furtheſt; Re 
and i have ſomething to premiſe firſt of all, that will ſur 
be of Service, and help you forward in the Work, the 

Tyr. Pray what is that ? for 


Phi. It would be requiſite that you ſhould be ac- 
quainted with the following Obſervations, 


OBSERVATION I. 


Wen any Queſtion is given to be anſwered in 21 
Algebraic Manner, fir/t, For the Anſwer or Number 


ſought, put x: Then proceed according to the Teide 
nor of the Queſtion, to add, fubtratt, multiply, a 
divide, until you have formed an Equation, which 

if ic has Fractions muſt be cleared according to tht 

Rules laid down in Multiplication; Se. 4. Dial. SM If 
This done, proceed to tranſpeſe according to eren 
Order of Addition and Subtraction of Equations, and be! 


you will (by keeping x on the firſt Side of the E qua 


tim) 
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tian) have it equal at laſt to ſome known Quantity 


or Qualities, by. which alſo x will be of Courle | 


known, and its Value diſcovered. - 


| Os s ER VAT IN 2. 


Though it be cuſtomary to uſe x for the unknown 
Quancity, yet you may make Uſe of any other Let- 
ter at Pleaſure. Some Analiſis uſe Vowels to repre- 
ſent unknown, and Conſonants in-«wn Quantities; but 
others uſe them as their own Fancy and Inclination 
direct: But till you are to obſerve, the Letter (o) 
is never uſed to expreſs a Quantity, (though indeed 
the Anſwer would be the ſame with this as with an 
other Letter,) and there ſcems to be a Reaſon for it, 
ſince it is but a Cypher at beſt without Integers; and 


Reaſon of its Want or Deficiency, it would be ab- 
ſurd to put it to repreſent any Number or Quantity; 
though, as I obſerved before, it is ſometimes uſed to 
form an Equation. See Problem 18. Step. 10. 


OBSERVATION 3. 


If to the Sum of any two Numbers you add their 
Difference, and divide the Whole by 2, the Quo- 


n 2"Wlticnt will be the greater Number. Or if you add 
= be Numbers and their Difference together, and di- 


ide by 2, you have the greater Number, 


OBSERVATION 4. 


If from the greater Number you take the Dif. 
erence of the ſaid Numbers, the Remainder will be 
ne leſs Number. Or, if you add any two Num- 
ers and their Difference together, and divide the 


H 2 Sum 


therefore, ſince Are be Something, by 


4 


. 
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Sum by 2, and then ſubtradt the Difference of the 
ſaid Numbers from the Quotient, the Remainder 
will be the leſs Number. 


(j OBSERVATION 5. 


When any Fraction is given to be divided into 
two, three or more Parts, then divide the Numer. 
tor, if you can, into ſuch Parts, and let the Deno- 
minatior remain as it was; and in Caſe you cannot 
divide the Numerator into the Parts required, mul. 
tiply the Denominator into ſuch Parts as are required, 
and let the Numerator remain as it was; fo is the 
Prattion truely divided into ſuch Parts as really as if 
it had been performed by Diviſion, which is ſome- 
times very difficult. Thus, ſuppoſe I was to divide 


2 into three Parts, I divide 6 by 3, and it is 2; ſo i 
2. the © of © But ſuppoſe it were —to be divided 


An — 


— 


E 1 * 
into 3 Parts, as I cannot well divide x by 3, tbere-W 1; 
fore I multiply the Denominator 6 by 3, and it u 1: 
- 18; fo is 4 of =. This fave demonſtrated, . 
becauſe you ſhall ſeldom meet with it in any Authors 16 
although it is of infinite Service in Algebra. I be 
therefore you would remeber it in particular. 7 
| 1 
OksERVATION 6. 19 


18 When any two Numbers are given, and you 20 
= would expreſs them literallh, (we will ſuppoſe yo 1 
put x for the greater, and e for the leſs Number) the 
will the following Steps be of Service, becauſe the) 

will help you to underſtand the Nature of a Quel 
| | gion, and the ſooner to do the fame, as being a pri 


WOT Ie 
* - 
oF 
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per and neceſſary Exerciſe of the foregoing Rules, 


y teaching you how to expreſs them in their true 
Order. Thus, 


oO un WW 0D 


Suppoſe the greater be x», 

And the leſs Number e, 

Then will their Sum be x + &, 
Their Difference x — e, 

Their Product x x e, viz. xe, 


The Quotient of the greater+by the leſs is—- 
7 


7 | The Quotient of the lefs by the greater is— 


The Order of Proportion, as &: : ;= 
| Or, by putting the leſs firſt, as e:x 2:2 4: 


The Square of the greater xx, 

The Square of the leſs ee, 

The Sum of their Squares xx + ee, 

The Difference of their Squares xx — ee, 
The Sum of their Sum and Difference 2x, 
The Difference of their Sum and Difference 2. 
The Product of their Sum and Difference xx 
— Pg, 

The Square of their Sum xx + 2xe + ee, 
The Square of their Difference xx— 2xe+ ee, 
The Square of their Product xxce, 

The Cube of the greater xxx, or x*, 


| The Cube of the leſs zee, or e, Cc. 


Theſe being underſtood, you may proceed to the 
orking of the following Algebraic Problems. 


H 3 D I A- 


W 
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Ne Me Er pe Ne we EA 
DIALOGUE X. 
SECT. I. 


ALGEBRAIC PROBLEMS, or the Solution of Duzſlions 
producing SIMPLE EQUATIONS. 


Between \P 03 L0MAVH £2, TYRUNCULUS, 
and NoVIT IVS] being a proper Exerciſe of all 
the foregoing Rules. 5 


Dr. HIS is that Part of Algebra that I have 
ſo long wiſhed to be trying at, and to 


which by your kind Affiſtance, Philomathes, I am at 


laſt happily arrived. . 

Phi. Faw as much ſatisfied, and take as great 
Pleaſure in your Proꝑreſs as you poſſibly can, and I 
doubt not of your Underſtanding the Manner of 
working the Problems in a ſhort Time. Only take 
Care to mind the Steps in the numerical Work, and 
you will ſoon underſtand the /:teral, for I ſhall en- 
deavour-to make the Steps alike if I can. And tho' 
you be perfect in the Chief of what you have done, 
yet give me Leave once more to remind you of theſe 
three Things, viz. That this Character () in any 
Step ſhews you that the Number or Quantity before 
which it is placed is tranſpoſed in the next Step to 
the other Side of the Equation; this (Q.) ſignifies ) 
the Queſtion; and laſtly, to remember that to take 


the 3 or 3, &c, of any Fraction is only to n 


„ 


IL 
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the Denominator by 2, 3, &c. which is the ſame 
as to divide the Numerator by the ſame Figures, 
Theſe being obſerved, we will proceed to 


PROBLEM TI. 


Wiat Number is that which being multiplyed by 12, and 
having 18 added to the Product, the Sumwill be 294? 


Put | 


I 
2 


Oo mp wy = 


Numerical Solution. 


| x for the Number, this x 12 
12x, add 18, it is 
12x+18. This Q. 294. Then e 18 
12x=294—18 ; that is, 
12K 2276. Then is, 
PNG > . 


E Anſ. 


Literal Solution. 


Let b=12, c=18, d=294- 


x as before x . , 
xb add + c 


xb + c. This Q.=4 


xb + c=d. Then oc. 


3 

+ | 

5 * = d—c ; 
6 


PROBLEM II. 


to Ml Nhat Number is that to which if I add 24, then front 


by that Sum ſubtraft 8, and multiply the Remainder by 


ke 5, the Product will be 320? 


„ Numerical 
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Numerical Solution. 
* for the Number, then 
x +24, then —8, 
x +24—18z this X 5, is 
5x+120—40, Then Q. 
5x 1120-40 g 320. By 40 
Sx ＋T 120 = 320 ＋40. hen ꝙ 120 
5x=3b0—120=240, Theiefore 


1 48 Anſ. 


rg 
— 
— 


— 


IE 
— —— — 
* 


; © GG 


1. 


Literal Solution. 


et b=24, c=8, ds, 320. 
Put | x as before : Sr f=3 

x +6 | 

x+b—c., This x 4 


L 
I 
2 
3 
4 dx ab dc. Whence Q. 
5 
6 
7 
8 


| te+ db =d=f. 

| dx +db=f + dc 

| dx =f+dc—bd 

| #=f +dc—bd__ 8 
n 


6 But it is to be noted that all ſuch like Queſ. 
tions as this may be performed both ſhorter and 
eaſier, by working only with the Difference of the 
Numbers, and not the, Numbers themſelves. Thus, 
you are defired in the Problpm to add 24, then ſub- 
tract 8, Now it is evident that 24—8=16; 
therefore if you work only with 16, by adding it to 
the unknown Quantity, it muſt be the ſame as to 
add 24 and ſubtrat 8. So that the Problem may be 
read thus: 4 

| | P R O- 
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PROBLEM II. in other Words. 


What Number is that te which if I add t6, and multi- 


Ply that Sum by 5, the Product will be 320? 


Numerical Solution. 


Put | 1 | x as before, then + 16, 
2-|x+16. This x 

3 | 5x +80. Whence Q. 

4 | 5x +80=320. Then g 80 
5 | 5x=320—-80=240. Then 
6 


* . as before. 


Literal Solution. 
Let þ=16, f=320, =d 5 
T5 oa 
2 415. This xd. 


Thr. This is much ſhorter and better indeed. as 
you obſerve, . and I begin to underſtand ſomething 


of the literal Operation, as well as the numerical; but 
1 muſt needs ſay, I like the numerical beſt, I think. 


it is the plaineſt for Learners, | | 
Phi. Moſt are apt to fay ſo indeed; but when 
once the other Way is known, you will like that as 


well, and to be ſure it is the ſhorter of the two, but 


I will not ſay the eaſier, However, I will perform 


all the Problems numerically, and ſome of them li- 
terally; and pray let me adviſe you to read over 


H 5 every 


— 
2 — 
— 

— 
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every Queſtion, at leaſt twice or thrice, that you 
may underſtand the Nature of it the better, for when 
once you have a true and juſt Idea, of the Intent 
and Meaning of it, you may be ſaid to have half 
done it, | 


PROBLEM III. | 


Says Alexander to Epheſtion, I am older than you by 
two Years, Clitus hearing it, ſaid, I know [ am 
older than both of you by four years. The Philoſs- 
ther, Calliſthenes, being preſent, ſaid, I remember 
¶ have heard my Father, who is now ninety-ſix Years, 
ſay, that he is as old as you all; I demand then the 
Ages of Alexander, Clitus, and Epheſtion. - 1 


CD — ,.vO2q4 


Numerical Solution. if 


Put | 1 | x Ephe/tien then will 
2 | x+2 be Alexander's. T hen. +4 
3 | 2x +6 Clitus. Theſe added 
4 | 4x +8 their Sum; whence Q. 
| 5 | 4x+8=96, Then 8 
6 | 4x +96—8=88. Therefore 
715 —— 222 Epheſtion's Age 
4 
8 x viz. 224 2 24 Alexander's 
9 xx +b=50 Clitus's. | 
Literal Solution. 2 
Let b=2, d=4, f=96 
| 1 | Epbeſtion's, | Put 
| 2 | x +b Alexander's, 
13] 2x+6+4d Clitus's, | 


| 4 | 4x+2++d Sum. Then Q. 
| 5 | 4x+2b=f, Then ꝙ 207% d | 
FAE — 


171 
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7143 22 Epheſticn's 


4 
8 | x+b=24 Alexander's 
9 | 2x+b+d 50 Clitus's, 


Tyr. Mighty pretty ; ; but why do you begin with 
Epheſtion rather than Alexander ? 

Phi. It would have been the ſame had: I began 
with Alexander's Age ; only then the 24 Step would 
have been x—2 47 ele, and the 3d Step 2x— 
2+4 ; and ſo it would have occaſioned more Work, 
but now they are all affirmative. 

Tyr. I am ſatisfied, and begin to ſee a little more- 
into it. 

Phi. There is no Fear of your underſtanding it, 
if you mind. 


PR OB LE M IV. 


Three. Perſons, A, B, and C, trade and gain 3000/.. 
the . Share of A is to be but Half the Share of B; 
and the Share F B one Third the Share f C; 
{demand each Man's Share ? 


| Now to avoid Fractions, I begin with A firſt ;_ 0 
for if I put x for B, then 4 muſt be? and C. 3. 
2 


Therefore ü 
| Numerical Solution 
Put [1 | x for A, then is | - 


I 
2 | 2x B's Share, and 
3 6x C's Share, Theſe added make 
4 | their Sum. Whence Q. 
5 | 9x=f, 3000. Fi 15 
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eL. . 333 bs. 8d. 4, 


| 7 And by the 24 Step 666 13s. 4d. B 
8 And by the third 2000 055 5 
9 Their Sum S Zoco. 


Literal Solution. 


| | As x is put for A, and the other is double 
| | and treble, the firſt four Steps will be the 
ſame as the numerical, Now let 


| 
2000 
3 9 | Sum — 3000, as before. 


Do you underſtand theſe Operations ? 

Tyr. The literal Part I am not at preſent ſo much 
acquainted with, but the numerical appears quite 
plain and eaſy to me: I heartily wiſh Nor itius was 
here, he would be ſo pleaſed to ſee ſome of thoſe 
Queſtions which puzzle him, demonſtrated in fo 
eaſy a Manner. 

Phi, There is a young Gentleman now 
coming up the Walk. i 

Tyr. Perhaps it is he——lt is ſo—!] will go to the 
Door for I know he is quite baſhful 

Phi. Stay — give me Leave, Tyrunculus ; it will 


. Jook better in me, and he will take it kinder at my 
Hands 


Nov. Your humble Servant, Philemathes : Pray is 
Tyrunculus here? 
Phi. He is, pray come in, Novitius. 


Nov. 
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Nov. Sir Friend Tyrunculus, how fare you? 

Tyr. I am a little vexed with you for ſtaying. 

Nov. I aſk Philomathes's Pardon in particular— 
I was unexpectedly prevented by an Acquaintance. 

Phi. Well, Novitius, we will not uſe ſuperfluous 
Ceremonies at this time : Pray fit down, I am glad 
to ſee you. 

Nov. Sir I thank you. | 

Phi. Your Friend Tyrunculus was ſaying you had 
ſome Queſtions to aſk me that had puzzled you 
pretty much, pray, what are they ? 

Nev. Only ſome few of Mr. Cocker's and De- 
Billy's, for ſeveral of them are ſo contracted in the 
Work that I cannot underſtand them. 

Phi. To do Juſtice to the firſt Author, I know 
not a prettier Piece for Learners on the firſt four 
Rules of Algebra; but I confeſs he is a little dark in 
ſome of the Operations. Come, I have him by me, 
and pray do you look out thoſe Queſtions that puzzle 
you moſt, and we will work them more plainly to 
your Underſtanding, 


Nov. Pleaſe then to begin with his fifth Queſ- 


tion. f 
Phi. There are Fractions concerned in that; there- 


fore I think we had better begin with the more eaſy 


ones firſt, and take the harder as they come in 
Courſe, | 

Nov. It is true; do ſo if you pleaſe, 

Phi, Obſerve then. 
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* PROBLEM V.—Ceher's 8th Queſtion. 


A Labourer received 20 8s. for threſhing 60 Qu r- 
ters of Corn, viz. Wheat and Barley; for th: 
Wheat he received 12 Pence a Quarter, and for the 


Barley 6 Pence: How many Duarters did he threjh 
of each . | : 


RL v0 Numerical Solution, 2 
1 J For the Quarters of Wheat put x, 
2 Then as both together are but 60, the Barley 
4 | | muſt be 60—x.. | 

3 | Now x Quarters of Wheat, at 124. a Quar- 
ter, is 12x. ä | 
41 And 6bo—x Quarters of Barley, at 6d. is 360 
| —6x _ Late 
5 | Theſe two are equal Q. to 48s. or 576 Pence; 
| whence 12x + 300 -r = 576. 
16 | Then e 360, +12x—6x=576—360 

7 

8 

9 


That is, 6x=576— 300=2106, 
| Therefore 28 36 Quarters of Wheat. 


And by 24 Step GO -K, or 60-36 224 the 


I Barley. 3 
| | Literal Solution. 
Let b=576 Pence, c=60, 4=12,: f=6 Pence. 
x Wheat : 


cx Barley. Then x, is 
dx for the Wheat. and F c & is 


1 

2 E 

3 1 
[4] 


* Thoſe Problemsthat have an Aſteriſk before them, are inſerted by 
the Deſire of ſeveral young Algebraiſts, who wanted a plainer and 
eaſier Demonſtration than in the Original: And to ſuch as are unac- 
quainted with either of the Authors, they will be equally ſerviceable, 
as if they were new ones, | 


1 aw 


1 


50 


A 
he 
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| 4 | fe—fx for the Barley. Whence Q. 
5 dx fe A, or 576 Pence. Then 
6 | dx—fx=b—fc: Therefore 


| += 28 ; that is, SEE. Liana ne. 36 as 


2 12— 6 
above Wheat, a” 
8 And cr, or 60—36=24, the Barley, 


'PrRoor. * 


36 Quarters, at 1s, =. 36s. , 
24 Quarters, at 6d. = 125. 


| 48 6. 

Nov. I underſtand it quite well, 

Tyr. So do both the Ways. | 
Phi, I ſhall not write againſt the literal any more, 


but leave you to compare it with the numerical 
IWirk. | 


* PROBLEM VI.—Czcer's 10th Queſtion. 


A Gentleman hired a Servant for 40 Days upon this 

Condition, that every Day he wrought he was to re- 
cerve 20 Pence, and for every Day he was idle, and 
did no Work, he was to pay 8 Pence. Now at the 
End of the Time be received 158. 4d. How many 
Days did he work, and haw many was he idle? 


Numerical Solution. 


I | For the Days he wrought put x | 

2 | Then will what he play'd be 40—x_ 

3 | Now/x Days wrought, at 204. a Day, is 20x. 
4 | And'40—xplay'd, at 8d. a Day, is 320—x. 
5 Subtract the 4½ Step from the 34 Step, it is 
| 20x— 320 +8x, 


[6] 
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| 6 | This being his Due is (Q.) 1 55. 44. 
| Whence 20x— 320 + 8x= 1844. 
7 | That is, 28x—320=184, 
8 | That is, 28x=114+320=504. 
i 9 T herefore a= =18 Days Anſ, 
IO | And by 2d Step, 40—x=22 idle, 


Literal Solution. 
Let b=40, c=20, d=8, and f=184 Pence, 


viz. 155. — 
x Days wrought, 


-K 


4 


I 

2 

; © "8 

4 | db—dx. Whence 
8 ex - ab + dx = 

7 
8 


cx + dx= f+ 

— 18, as before; 
| c+ Þ 4. 
| 6—x=22 idle, 


PRooe, 
"3 # © f 4. 4. d. 
18 Days, at 204, a Day, 1 10 o 
22 idle, at 84. a Day, © 14 8 


Due at laſt o 15 4 


„ PROBLEM VII.—Cecter's 6th Queſtion, 


Two nt A and B, thus di ſcour ſed of their Mone). 
Says A ta B, give me 3 of your Crowns, and I. ſpall 

| have as many as you ; and ſays B to A, give me 3 of 

yours, and I ſhall have 5 Times as many as you. 


demand the Number each had? 5 
Numerical 
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| Numerical Solution. 


1 | For the No. 4 had at firſt put æ, | 
2 Theu by B's giving him 3, he will have x+ 3; 8 
3 And as this makes B's equal, B wilfalſo have | 
x + 3, | | 

4 | And therefore conſequent B had at firſt x+6,. 

5 | And if A had given him 3, he would then have | 
6 & 


x+ | 

| and by the ſame reaſon 4 would have had 
but x— | 
7 | Now B (Q.) ſhould have 5 Times this Num- 
ber, dix. gx—15 
8 Whence this Equation, 5x —1 5=x+9. 

| 9. | Then @ x and — 13, It will be g*#==s=9 
+15z | 
10! T þat is 4K = 24. 


| 11] Therefore x = = 22646. 
| 12] And by the 4b Step x 62212 B's, 


Literal Solution, 


Let e=3 Crowns; then by comparing the Steps, 
x for A, . | ji 
x re, | 1d 
x re, | | — 

x + 2e, 

x ＋T Ze, 

x—e 

5K — Ge 

gxy—Se=x+ Je, 

5x A = ge 5e, 

4 de 

al | 5 1 114 
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| 11 FRY... =b, M's. 
12' ++2e, =12,'B's. IN ane 
Ee 
r. 4 6132 95 
„ . *B*42=3= 9, but 


A 6—3= 3, and 
B 12+3=15 =3X5. 


Nov. I am perfectly ſatisfied, it is done ſo plain, 
and the Steps are built upon Reaſon itſelf. 


Phi. It is upon Reaſon itſelf that Algebra depends; 


and a Queſtion laid down in a good and clear Light, 
is the Learner's chief Guide. But now for ſome that 
req N Fractions, for I ſuppoſe you underſtand 
them | * 

Nov. Ves, I think I do pretty well. 

Phi. Here follows then. 


' * PROBLEM VII- cles 5th. 


There is a Fiſh whoſe Head is q Inches long, and his 
Tail is as long as his Head, and half as long as bi 


Hach, and his Body is as long. as his Tail and hi 


Head; I demand the whole Length of the Fiſh, 

| x | For the Length of his Body put 

2 | Then will his Tail be= +9, | 

| 3 And his Body ſhould be — long as his Tail 
and Head, viz 2949. 


| 4 | Whence (Q.) this Equation x ==+ 18, 


By 451 
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5 | This x Denominator 4 is 2#=x+ 36. 
6 Then 9 Xs, 2X —X= 

7 | That is, x=36 his , 

8 

9 

1 


And by 2d Step, 5 - + $8527 his Tail; 


To which add 9g "bis Head, 
ol Their Sum is 72 his Length. 


Litera Solution. 


2x-—x=4b. 
| x=4b=36, Body, 


3 
4 
: 2x=x+ 4b. 
7 
8 =+6=27, Tail. 


2 | 
PROBLEM IX, His 12h Quiſtion. 


One aſked a Shepherd the Price of his 100 Sheep. No, 
replied he; if I had as many more, and half as many 
more, and ſeven ring Cour an half, I ſhould then ba: * 


100. 1 demand the Number he ad. 
«3 . Numerical Solution. 
Put Ir * * the Number, then 
2 as many more, ang 
3 =is half as many more, and 5 
5 | Bt © RE $4 KP 


| 
164 ALoEBRArC PROBLEMS, 
[4| 73 Theſe four Steps added 
| 5 2x += +74 Whence (Q.) 
T7 
6 2K T2 - +73 =100. This reduced 


17 | jn+e42 cc Then 2 15, 
| 8 | 5x=200—15=185. Therefore 


3 |o= i =a7 gr 


Literal Solution. 
Let b=7 1, cio. 
| 1| x, | | 
HE 
Ws | ad 
3 - 
1%. 
1 
5 * +6 Sum (Q.) 
6 2x +=+b=e, 
3 4x TT 262 
Sx gc- 25, 
24 — 23 
1 237. Al. 


| * PROBLEM X. His gth Queſtion, 
A Gentleman baught a Cloak of a Salefman, which 
coft him 34, .10s. and after be had bought it he de- 
ired the Saleſman to tell him ingenuouſly what he 
gon 'd 17 it, wha 3 I gain juſi à Part / 
* It rs demanded what the Cloak 
cof Th Th 


| 8 AREA} Solution. 
|! | For what the Cloak coſt the Saleſmin put 


Then his Gain or Profit will be = 
| 4 | 3] 
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| 3} Theſe added are equal to what he fold it for, 
| | a+=D | 
45 .. rd nl 
4 | Therefore (Q.) x +==705. 
| 5 | This reduced, 4x+x=280 ; 
| @ | That is, 5x=280. 

7 


Therefore x 2 80 =56s. Anf. 


* 3 
Literal Sölition. 
Let e=70, 


| 1 | x, 
| x 
| 2 43 
++ 
| 4+ 
x 


x I.” =O 


3 

4 7 
5 4 /K. 
6 

7 


5 * = 4e, 22 8 
Ppxobr. 

Coſt hm 563. 

Gained ;=14 5. 


— ugͥ—y. f§— 


Sum =70 f. it ſold for. 


* PROBLEM XI,—His 11th Queſtion. 

A Perſon in the Afternoon being aſked, what a Clock it 
was, anſwered, that J of the Time paſt from Noon 
was equal to 1 of the Time to Midnight, Now, 
| allowing 


* 


166 
+ Allowing 12 Hours fo the Day, 


£ 
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and beginning fo 


reckon Fig rom Noon, I demand what Hour it was 


when 1 


6 Um | e 


10 
11 


paſt 6. 


Reſton was aſked. 


Numerical Solution.” 


For the Hours ſought from Noon put'x 
Then will the Time to — be * 
Now + of x og” * 
60— 
And $5 of 12 — is = * 2 


Theſe (Q.) are equal. Whence . IX 


This reduced, viz. firſt Denominator 5. is 
2300-25 

„ e Eco 

Then this x the Denominator 8 will be 24x 

=300—25x 

Then ꝙ —25x it is 24x + 25300, 

That is, 49x= 300. A 


Therefore x = 322 — =6 x5 


4 
And by 2d Step 5 =545 


80 that 1 it was- paſt 6, that' is 7 20” #2 
+ 4:49, At ; F h 


"PROOF. 
H. 


32. 2 6 7 2049 
3 5 5 52 39 43 | 


— — — — 


Sum 13 Hours. | 


Literal 
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| Literal Solution. 
Let ů Le = Land d=12 
Penton "+00 © 

1 | x as above, 
| d—=x, 
| 3 | Ons 
| 4 | cd 

5 | bx==cd—cs, © 

6 | bx Tce a, 


TTC 
1 85122 150 
| | 7$5 or 6 x$ as before. 

Nev. This is plain upon my Word, and I per- 
ceive 6 #3 is the ſame Anſwer as Mr. Cocker's ; but, 
{ti]l I never could know, nor. do I yet rightly ap- 
prehend from whence this 4 proceeds and there- 
fore I never could make the Anſwer chime in with 
_ 


SY 


Phi. T muſt own that a Man had need to under- 


ſtand Fractiant quite perfectly to find ſuch Things 
out to his own Satisfaction; for it is not every Learner 
can do it. Obſerve then, the Anſwer is x = 
X 12 — JT. Now { Xx J 3. And 4 
+ 5 being reduced to a common. Denominator 'and 
added, their Sum will be 28 and IT (that is 23) by 
which divided $2 it is 2382 =6 543 as before ; and 
therefore the Hour to Midnight 5 34+ =5 43 


49 


or not? 8 | 
Nov. Quite plain indeed! And now Philomathes 


for the 5th Step I never could apprehend, it has 
puzzled me many a Time, | 


eral | BE 3 


Iwill aſk you to work the 6th Queſtion and no more; 


Tyr. There, Novitius, is that plainly demonſtrated 
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Phi. I muſt confeſs I was a long Time in finding 
it out myſelf, and tho? the ſame Queſtion be in Mr, 
Ward, it did not anſwer my Expectation ; for J 
found it out by Mr. Cocter's Method at laſt. 

Nov. But then he abbreviates his Numbers and 
Fractions, and gives no Reaſon, and this puts the 
Learner to a Stop.“ 

Phi. It is true he does ſo. Well, NVovitius, all! 
can ſay, is, I will work the ſame Queſtion numeri- 
cally, and leave you to judge which of the three 
Ways are the eaſieſt to be underſtood, ſuppoſing you 
had them now all before you. 


* PROBLEM XII. Cocker's 6th, and IWard 
At 31k. Queſtion, - 
A Father lying at the Point of Death, left his thre 
E. A, B, and . his E _ as — * 
gave 5 want! . to B he gave 7 and 14/, 
over; and to C be gave the des which wa; 
82. leſs than the ſhare of B. I demand the Father“ 
Eflate in ready Money ? 
W Numerical Solution. 
[ 1 | For the Eſtate put x, 


| 2 Then will As Legacy be - — 44 
| | | 


| 3 [And B's will 27 +14, 


4 [And C's being $2 leſs, is. + 14—82. 


; 3 
5 Theſe Fractions being firſt reduced to a com. 
| [mon Denominator, and added, the Sum of ti 
| [Whole is er + 28 —126, This O 
| 18. | 
| banal to the Eſtate or x. : [ 6] 
| | ® See the Preface. 
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\ 6]|Whence this Equation + 28 — 126 = x, 


Now 28—126 being the ſame as—g8, it will 
be 98 =#. 

7 6 

8 This reduced 7* — 588 =bx. 


Then e 6x, and 588, it will be 7K -G 588, 
100 That is, K 588 Eſtate. 


B's 3 +14 =-210 = - + 14 by 3d Step. 


C's82L.1eſs than B=128=7 + 14—82 by 4th 
Sep. — | 


588 The Eſtate. 


Nov. I heartily thank you, kind Phid@mathes ; 
then I perceive that Mr. Ceocker's 5th Step before 


Abbreviation was _ +2e—b=— d. 


Phi. You are right, and one would think a 
Learner might eaſily perceive it if he would be 
diligent. | 

Nov. You know, Sir, a ſmall Matter turns the 
Learner quite out of his direct Path. I have now with 
me James de Billys Algebra, but it is wrought in fo 
odd a Manner, that I cannot make out any Thing 


Queſtions numerically. | 
Phi. Which would you have me begin with ? 
Nov. His 2d Queſtion if you pleaſe. 
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* PROBLEM XIII.— J. de Billy's 2d 
Queſtion, 


A Hare is 100 Yards diſtant from a Dog, and bet, 

 flarting together, the Dog ran 2 1 Times faſter than 
the Hare It is demanded how far the H.re will 
have run before the Dog overtakes her? 


Numerical Solution. 


| x | For the Yards the Hare ran put x, 
| 2 | Then will the Dog when heovertakes het haye 
run 100 + x. : 
3 | Now becauſe he run > 3 Times faſter than the 
| . 0 
Hare, take any two Numbers bearing the like 
Proportion as 5 and 2, then. 


4 7 the Rule of 3, as 5: 2: : 100+x: x, 
5 ultiplying deans and Extremes, 5x = 200 
+ 2x. 
6 Then © 2x, — — — — — 5x — 2x = 200, 
That is, ————— 3x 200. 
8 | Therefore x = — =66 5. 
9 | And by 2d Step, 100+x=166 3. 
So that the Hare run 66 f Yards, and the Dog 
] 166 5. | 

* PROBLEM XIV.—His 1155 Queſtion. 
A certain Man agreed with his Servant for 12 Month 
Service to give him 10 Crowns and a new Cat ; but 


| dilagreging, he at the End of 7 Months gives hin 
% 2 nd two Crawns : 1 demand the Value of tit 


Coat? 


Numerical 


0g 


wths 
but 
him 


f the 


erica) 


* PROBLEM XV.—His 16th Queſtion, 

4 Man having a certain Number of Crowns about him, 
deſired a Stander-by to gueſs at them, who ſaid, 
have boo perhaps. No, ſays he ; but if to what I 
have were added 2, 5, da and from what I 
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Numerical Solution. 


| For the Value of the Coat put æ, 


Then will this and 10 Crowns be his Year's 
W ages, x-+10. 
Now to find one Month's W ages ſay, 


* 
As 12: 4 14 10: : 1: 42 


12, 


4 | And becauſe he had 2 Crowns and the Coat for 
| 7 Months, ſay, | 


As 7 K 121 —2 


7: 5 | 
| Theſe being both 1 Month's Wages are equal, 


* K 
Whence + 2— +10 
IV. 


| This x the Denominator 7, is x+2 
| _7x+70 


12 | 
This Xx 12, the other Denominator, 12x + 
24=7x+70, then @ 7x and 24, 
12x—Jx=70—24, that is, 
5* 246, 


10] Therefore x= 46 =9+ Crowns, 


| So that the Value of the Coat was g 4 Crowns, 


or 46 Shillings, to which add two Crowns, is 


56 Shillings that he had for his 5 Month's Ser- 


x+10 Crowns by 24 Step, viz. 96 


illings. 


yea 
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have were age 1x» T ſhould then have 600: 
T demand the Number he had about him? 


Nite, As in Problem 2, ſo here alſo make the 
SubtraCtion firſt, and work with the Difference only, 
Thus, 2, 3, 1, reduced to a common Denomina- 
tor, will be 22, or 111 2 IE; from which take 
+2, there remains 1 whole Integer. So that ſup- 
ſing T were to put for the Number, then 2, , 
and æ added, and A taken from it, x will be the 
Difference; therefore-2x = 600, and x= 300 the 
Number. But ſee the Whole as follows. 


| x For the Number ſought put æ, 
2 | Then —— — 22 that is, & +< 2 


| 3 2, 354 24, 12 | 
13 | Add theſe, it is 2x 4 
wy I 
| 4 From which take 21, viz, 2 I 
I 


5 There remains only 2x. Whence (Q.) 2x=b600, 
| 6 | And therefore æ r 300 Anf. 


Nov. I heartily thank you, this appears plain 7 
enough to me. I will trouble you to work one more 


if you pleaſe, and that is his 77h Queſtion, for this 


is quite dark to me. 

* PROBLEM XVI.— His 7 Queſtion, 

A tory, . rp bought a Number f Elli of Velo, 
which he ſold again; he bought 5"Ells for 7 Crowns. 
and fold ſeven Ell. for 11 Crowns, and gained 100 
Crowns in /o doing I demand'haw many Ells then 
were in all? | 


” Numeriall * 
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Numerical Solution, 


| 1 | For the Number put x, + 


2 | Then, if 5 Ells be 7 Crowns, what will x be a 


bY 
3 | Then if 7 Ells be ſold for 11 Crowns, what 
% 3 


7» 
The Difference of theſe ſhews his Gain== * 
This (Q.) =100 Crowns, Whence = 2100 
This reduced 6x= 3500. | 
Therefore x = 22 5834. 


7 5 
| 5 * the Number was 583 4 Ells bought and 
ſold. 


= W > 


— 


| PROOF. . 
If 5 Ells be 5 Crowns, what is 5833? Anſ. 8163 Cr. 
If / Ells be 11 Crowns, what is 5833? An/. 9163 Cr. 


He gained 100 Cr. 
PROBLEM XVIII. 


There are tuo Numbers whoſe Sum is 240, and the 
Greater has the ſame Proportion to the Leſs as 7 ta 
3: I demand the Numbers? 


[2 


Numerical Solution. 


For the Greater put x, 
Then will the * be 240 -K. 


3 [ 3] 
Note, The Fraction L and are firſt reduced to a common Dene« 
5 7 


* N 6 
minator, and then the Difference you will find is _ 


35 
13 


. 
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3 | Theſe (Q.) have this Proportion, 


as 7: 3: : X: 240—x {PRE 
Then multiplying Means and Extremes, | 
3x =1680=—7zx. 

Then -e, it is 3x +7x=1680. 
That is, 10x=1680. | 


T herefore x = 1680 = 168 G. Number. 
IO 


And by 24 Step 240—x=72 L. Number. 
PROBLEM XVIII. 


A certain Toper went to an Alehouſe, and borrowed at 
much Money as he had about him, out of which ht 
ſpent a Shilling ; then he went to a 2d Alehouſe, and 
borrowed as much as he had then about him, and 
ſpent a Shilling; and in like Manner he went to a 
3d and 4th Alehouſe, borrowing as much as he had 
left at the former, and ſpent a Shilling ; but after 
he had ſpent a Shilling at the 4th Alehauſe he had 

Nothing left : It is demanded what he had f.r/t about 
bim? 


© w Om N 


Numerical Solution, 


For what he firſt had put x, 

Then by borrowing as much he had 2x, 

And when he had ſpent 12 Pence, had 2x—12, 
Then by borrowing the ſame, had 4x—24, 
And by ſpending 12 Pence, had 4x—36; 
Then, by borrowing the ſame, had 8x—72, 
And by ſpending 12 Pence, had 8x—84. 
Then by borrowing the ſame, had 16x—168, 
Then by ſpending 12 Pence, had left 16x— 
180, 8 

That is, had Nothing left. Whence (Q.) 
16x—180=0, 

That is, 16x=180, y 4.331 


— 
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7 | Therefore x =2=114.4 


1 
So that he had at firſt 1 1d. 4. 


* PROBLEM XX. 
One being aſted haw old he was, anſwered thus: 


If to the Number of my Age you add 
The one Half of three Fourths, and 14 more, 
The Number 58 will then be had : 


hat is my Age in Years above a Score? 


Note, As the Queſtion ſays, if you add 14 to his 
Age, it will make 58? fo conſequently without 
adding the 14 it will be 44; therefore working 
with 44, without adding 14, will be better than to 


work with 58 and 14 together, as you may obſerve 
in Problem 3d. | 


Numerical Solution. 

| , | For his Age put x, | 
| Then by adding 3 of 2, that is, 2, itis x + = 
This (Q.) =44. Whence x + = 44. 
This reduced 8x + 3K = 352. 
That is, IIK = 352. 
Therefore x = 525 = 32. 

24 
So that his Age was 32, 12 above a Score, 


PROBLEM XX. 

A Citizen riding his Rounds to receive Money due 
to him, came to a Place in which he had three 
Debtors, A, B, and C, but when he came to ex- 

| 4 amine, 


W . uw 


4 * <> 
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amine, he found he had lift his Pocket- Book, in 
which was each Man's ſeparate Bill. Then ſending 
for them all to an Inn, he tells them the Accident; 
but they 1 they did not know-what was due t 
him, having loft the Bills that came with thi 
Parcels. 21. 65 Gentleman” thinking he had got ſome 
ſlippery Chaps to deal with' endeavoured all he coull 
to fave himſelf the Trouble of another Journey; and 
this he did from the followi Mops Hie remembers 
ed very well that As and Þ Debt together mai: 
137,. 105. and A's and C's Debt 8 30 
101. and B's and C's together made 3 3755 10s, tt 
is demanded what each Ment 's particular Debt was ? 


1 For As Debt put x, 
2 | Then as As and B's together is 270. B's is 


| > 
3 | Then as A's and Cs is 6305. C's alone i is 630 

— *. 

4 | Now (Q.) B's 4 C's ſhould be 750 f. but is 

| [|900—2x. 

'5 | Whence this Equation 750=900 e - ax. 

e [By p2x, — — — 750 + 2x = qco. 
7 [And e 750, — — — 2x = 900 — 750, 
8 | That is, 2x=150. | 


9 Therefore x = — — 15s. A's 


10 | And by 24 Step, * —x = 195, B's. 
11 And by 3d Step, 630 —x = 555, C's. 
g. 


80 that 4's Debt was 3 15 
B's ——— 9 15 
Cs ———27 15 


— — ——ä—ä464 —,.à U — — — = 
— 


— —— 


. —10‚˖»⁰i — 
= — —— — — 
—— — gs 
— — 
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PROBLEM XXI. 


A Highwayman robbed a Gentleman of a certain Sum of 
Money, but being ſeen by 3 Men, A, B, and C, 
they purſued and took him; but he promiſed to make 
them a handſomt Preſent if they would let him go; 
to which they agreed. To A he gave 5, and A re- 

turned him back 6/7. And to B x of what was 

. Aeft, who returned him 44. And to C he gave + of 
what he had then left, who. returned him back 2 FA 

And after he had rode off, and came to tell his 

Money, he found he had given 7 of it away : I de- 

mand the Sum he took from the Gentleman? 


. . * — 
Numerical Solutiun. = 


: |For what he took in Pounds put x, 


2 Then by giving + he had the ſame left, 
| Fo * 

3 And by As returning him 6, he badg + 6 

2 


4 This he gave B 5 of, Viz, —+ 2, 


5 And conſequently had himſelf 2, viz. + 47 


And by C's returning 2, had 15 + 8, or : | 
ol 1+8 of 7 [10] 


© ts —ꝛ— — g = - 
—— —⁊— —„V᷑q 
„ 


P ˙ A 


* 
- 
— Md 
3 k Eee — — 


8 And conſequently had in Hand 3, 125 Ws, { 


- . A . ⁰ . 0 


or +4, | 
4 | 
6 |And by B's returning 4, had*+ 8. \ 
_—— 4 Cd. t 
7 | This he gave C4 of, viz. >= +2, off NM 
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110 


11 


One 
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This (Q) = 7 of what he ſtole, Whence 


Irr- 


_—==+8. 


4 
Then multiplying by the Denominator 3, 
* — 3 + 24. 


This x the Denominator 4, 4x=3x +96, 
Then e 3x it will be 4x—3x=96, 

That is x=. 96 Anſ. | 

So that he ſtole {.96; of which A had 42, 


=3 of 96. 
PROBLEM XXII. 
being aſked how many Children he had living, 


| [- 14, and CJ. 8, which together make /.. 64 


anſwered 3 Times as many as he had buried; and be- 
ing aſked how many that was, ſaid, that if th 
Number he had loft was multiplied by the 5 Part a 
what remained, it would be equal to the Number he 
had at firſt: I demand how many he had loft, and 
haw many he had left ? 


Numerical Solution, 


For what he had loſt put x, 
Then will the living be 3x, 
And conſequently had at firſt 4x. 


Now z of what was left is or 


Oz 3. 


| This multiplied by the loſt, viz, x, is = 


This (Q.) equals his Number at firſt. Whenes 


ay + | 


1 This r educed, 222 I2x. 


181 


| 


-nce 
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8 | Then dividing by x, — —x = 12, loſt, 
9 | And by 2d Step, 3x=36, living. 
10] Their Sum by 34d Step is 4x=48, at firſt, 


PROBLEM XXIII. 


One being asked how many Teeth he had, to avoid 4 


direct Anſwer ſaid, that he had loſt the 4 Part of 
what he then had, and being asked how many that 
was, ſaid, that if what he had bt were multiplied 
into the 5; of what he had left, and the Square of 
what he had loſt was added to that Product, it 
would be equal to the Number he had at fit. Or 
otherwiſe, if what he had laſi were multipled by & 


of what he had lift, it would make juſt 4 of the 


Number he had at firſt I demand haw many he had 
loft, and haw many he had left bs | / 


Numerical Solution. 


I | For the Number loſt put x, | 

2J Then as thoſe left are 8 Times as many, 8x, 
3] Theſe two added make the Number at firſt gx, 
4| Now + of the Number left is 2x, 

5] This multiplied by thoſe loſt, make 2xx, 

6] To which add the Square of thoſe loſt, it is 
2XxXX + xXx. 

7] Theſe (Q.) are equal to the Number at firſt, 

8 Then dividing each Side by xz 2x + x =9. 
9] That is 3x=9. | 


10| Therefore x=2, loſt. | 
11] And by 2d Step, 8x = 24, left. 
12] And by 34Step, gx = 27, at firſt, 


Which you may prove according to the Tenor 
| of the Queſtion, 
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PROBLEM XXIV. 


An Uſurer put out a certain Sum of Money at 5/. 
per Cent. per Annum, which in 16 Years wanted 
exact 11 Guineas of the Principal itſelf : I demand 


what the Principal was. 
| Numerical Solution. 
11 }For the Principal put x, 
[2 Then ſay, If 100 be 5, what will x be ? 47 = 
3 [This being 1 Year's Intereſt, 16 Years is 
j {80x 8x 44% 


A 


ISO, 5 10, LY 


This ſhould (Q.) be equal to the Principal leſs 
11 Guineas, or 231 Shillings. Wnence, 


x—231= = 

This being reduced, 5x — 1155 = 4x, 
Then @ 4x, —— 1155 
That is, 15. 


So that the Principal was „. 57, 155. which 


i 


N 16 Years, at 5 per Cent. amounts to /. 40. 


45. which wants 11 Guineas of the Principal. 
PROBLEM XXV. 


An Uſurer put out 135. in 2 Parcels, one at the 


Rate of 5 per Cent. per Annum, and the other at 
6 per Cent. which amounted in 15 Years Time 1 
the Principal itſelf wanting 3of,. I demand the 
Parcel he put out at 5, and the Parcel he put out at 
6.per Cent. 


Numerical 


2 3 F 


| 


amounts to £.105=135=30, 
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Numerical Solution, = 


For the Parcel at 5 per Cent. put x, 
Then will that at 6 per Cent. be 135—x, 
Then, by the Rule of 3, one Year's Intereſt 


of x at 5 per Cent s 


100, 
And by the ſame Rule, one Vear's Intereſt is 


of 135—x at 6 ber Cent. 1——..— ES 
8 100 

The Sum of the Intereſt of both for 1 Vear is 
5x 810 — bx ; 

— + — 

100 100 

Then becauſe there is 5x and — 6x, it will be 

810—x_ 


— — 


. 
This being 1 Year's Intereſt of both, 15 Years 
will be 12159—15% 
100. 
This (Q.) is equal to 135—3of.. viz. 105%. 
Whence 1052 2 * 
100 
This x the Denominator 100, is 
10500=12150—15x. 
Then © —15x and 10500, 
I15x=12150—10500, 
That is, 15x=1650. 
Therefore, x = = 1. 28s 
And by 2d Step, 135 -K . 110. 
80 that he put 7 19 15 5, and /. 25 
at 6 per Cent. the Intereſt of which in 15 Years 


P R O- 
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PROBLEM XXVI. 


It ts required to pay Io. in 100 Pieces, viz. ſome to 


be 15 Shillings, and others 22 Shillings and 6 Pence 


each: I demand how many there muſt be of each 
Sort? 


Numerical Solution. 


I | Put for the 15s. Pieces x, 

2 | Then will thoſe at 22s. 6d. be 100 — x, 

3 Now x Pieces, at 15s. or 1804. each is 180x, 
4\And 100 — x Pieces at 225. 6 d. or 270 4. 
each, is 27000 — 270x. 

5 The Sum of theſe two is 27000 — 9gox. 

6] This (Q.) = L. 100, or 24000 4d. Whence 
24000 = 27000 — gox. 


5|-Then © — gox,. gox + 24000d = 27000 


That is, gox = 3000, 


7 
8 Then © 24000, ox = 27000 — 24000, 
9 < 
O | I hat is, gx = 300, 


11 Therefore, x = 300 — 333 


9 
12 And by 2d Step, 100 — x= 663. 


So that there was 31 Pieces, at 156. . 25 
And 664 Pieces, at 225. 6d. . 75 


PROBLEM XXVII. 


A Vintner has two Veſſels full of Wine, equal alile 


in Quantity, but of een Quality; the worſl 
Sort is worth 240 Crowns, and the beji 300 : Now 
he has another Caſk or Veſſel of the ſame Size, which 
he intends to fill out of theſe two, that when full 
may be worth 260 Crowns; How much of each 
muſt he tate? | oh 


Numerical 


| 
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Numerical Solution. 


For what he muſt take of the worſt Sort put x, 
Then as both make but one Veſſel, the beſt 
will be 1 — x. 

Now if 1 full Veſſel be 240 Crowns, of a 


Veſlel is —— 


And by the ſame Rule, x — x of a Veſſel is 
300 — Zooæ | 


I | | 
The Sum of the Numerators of the 3d and 
4th Step is 300 — box 
This (Q.) equal to the mean Price, 260 
Crowns. 
Whence this Equation, 260 = 300 — 60x, 
Then @ 260 and — box, 60x = 300 — 260. 


That is, —— — box = 40. 


Then muſt 6x = 4. Therefore, 


x = _ 5 And by 24d Step, 
1. 


] — x = — 


| 3. 
| PRCOF. 


So that he muſt take 3 of the worſt, and 3 of the 
| beſt Sort. 

Forif1 Veſſel be 240 Crowns; will be 160, 

And if 1 Veſſel be 300, then 4 will be 100, 


Sum 260=M. Price, 


P R O- 
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PROBLEM XXVIII. 


Tuo Men, A and B, ſet out from à certain Place, the 
ane goes 21 Miles in 15 Hours, and 8 Hours after 
he ſet out, B begins to travel, and goes at the Rate 
of 15 Miles in 9 Hours > I demand how long it 
will be 72 B overtakes A, and how far they 
will both have travelled ? 


Literal Solution. 


| 1| For the Hours { travelled put x, 
2| Then will B travel x — 8. 
3| Then, If 15 Hours be 21 Miles, what will x be 


| tut BIE 
7 1 


5 
5 |And, if 9 Hours be 15 Miles, x — 8 will be 


_— 


þ 


2 
5 Now ſeeing that after B overtakes 4, the 
Diſtance they travelled were both alike, there- 


Ix — 120 21x 
1 fore py. — — 


9 a 
6 This reduced firſt by q, is 15x — 120 = 


189x 
15. 


This X 15, is 225x — 1800 = 189x. 
6 Then © 189x, 225x — 189x = 1800, 
T hat is, 36x = 1800, 
11 That is x —_ = 50 Hours, A. 
12] And by the 24 Step, x — 8 = 42 Hours, B, 
2 


— that is, 
IS, 


[70 Miles = = þ 1 70, B. 


| [Now A goes by 3d Step 


P R O- 
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PROBLEM XXIX.“ 

hat Number is that that & of it more 12 is equal to 
14 of tt more 14? 

FE For the Number ſought put 


2 Then 1 + 12, is * 12. 


3 And 3 + 14, is I+ I4. 
4 [LIP (Q:) are equal. 


Whence E + 12 = 24 14. 
4 | 3 | 


5 This reduced firſt, is 3x + 48 = + 56, 


7 | That is, being again reduced, 

ox + 144 = 8x + 168. 

8 Then ꝙ 8x- and + 144, 9x —8x=168—144, 
That is,, x=169—144=24 An. 

| And this is pyoved at large in Dial. &. Sect. 4. Ex. 5. 


PROBLEM XXX. 


Four Highwaymen, A, B, C, and D, robb'd a Gen” 
tleman upon the Road of 475. and going to an Inn 
10 part the Money, which they had laid upon the Table, 
Words areſe, and every one ſnatch'd up what he 
could ; after which, upon telling each one his Money, 
it was found, that if to what A ſnatch'd up were 

added 4 /. and from B's were taken 4, and C's 

; multiplied by 4, and I's divided by 4, it would 
produce one and the ſame Number of Pounds : It 
is demanded what each ſnatch'd up? 


g Firſt, 


0 WI the Note in the Proof of Example 5, in Multiplication of 
" Jauations, w, i 


— 
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(> Firſt, Suppoſe A ſnatch'd x Pounds, then hay- 
ing 4 added, it would be x + 4. Now fince by 
ſubſtracting 4 from B's, his would be equal to 4's, 
he muſt then havex + 8; and ſince by multiplying 
C's by 4, he would have the ſame, he muſt of Clourſe 


ſnatch — + 1, which * 4, produces # + 4; and 


as D's is to be the ſame if divided by 4, he muſt 
ſnatch 4 # + 16, | 
Numerical Solution, 


For what A ſnatch'd put », 
Then will B's be as above —— „14g, 


| 


I 

2 

3 

4 | D's — — — — 4 + 16, 
5 | The Sum is — 6x + 17 * 
6 This (Q.) is equal to the Robbery, 
IWhence,; 6x + 7 + 25 475. 


| 
7 | This reduced, 24x + x = 100 + 1900, 
8| Then @ 100, 25x = 1900 — 100 = 1800, 
9 1800 


Therefore, * = 7 = 5 4, 

10 And by 24 Step, * +8 =80, B, 

11 And by the 34, 3 + 1=19, C, 

2 And by the 47h, 4x + 16 = 304, D, 
12 SIX Sum 475. 


Tyr. This feems to be a very hard- Queſtion at 
firſt reading, ö ; Ph 


SI Cw = My - 


T1 
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Phi. It may be ſo; and yet in other Words it 
may be eaſy; for it is no other than this: What 4 
Numbers muſt 475 be divided into, ſo that the 1/7 


| having 4 added to it, the 24 4 taken from it, the 


34 multiplied by 4, and the 4th divided by 4, may 
be all equal ? Which Numbers are as before, viz. 
72, 80, 19, and 304; which you may prove, 


PROBLEM XXXI. 


Two Graziers, A and B, coming from a Fair, were 
met by two Highwaymen, who robbed A of 25/,. 


10s. and B of 7/4. 10 5. but upon their complaining - 


that they had a great many Miles to ride, and No- 
thing to bear their Charges, he that robbed A re- 
turn d him a certain Sum, and ( did the other to B. 
Now after A come to tell B what he had left, and 
B come to tell A, it was diſcovered that they robbed 
A of 3 Times as much as B, and left B of what 


they left A: I demand what each was really 
robbed of ? ; 


Numerical Solution, 


| For what they took from B put x, 

Then will what they took from 4 be 3 x 

Now B had /. 7, 10s. or 150s, at firſt, 

But now, 6—— 150 — left, 
Alſo Ahad / 25, 105. 5105. at firſt, 

But now, — 510 — 3x left; 
This (Q.) ſhould be 5 Times what B had left. 
Whence, 510 — gx A= 5 — 5K B. 
Then þ — 5x, 510 + 5x — 3x = 750, 
Then 9 510, 5* — 3x = 750 — 510. 
That is, ——— 


+ Go ID mw 


oO 0 — Ov Un 


— 


Therefore, x = —. 10. . 


111 


—— 


Sx — 240. | 


— 
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10 Hype by the 2d Step, 3x = 360, 4. 
| 80 that they took 7 18 from J, and 6 from B. 


PROBLEM XXXII. 


A General of an Army had a certain Number of Men, 

which he intended to place in a ſquare Battalia, but 

diſpoſing of them in Rank and File, found he had 

90 Men to fpare ; now thinking to get theſe in alſi, 

e enlarged his Square to one Man more in Rank 

and File, but then found he wanted 29 Men t 

mn complete the Square : What Number of Men had he, 
and how many ſtood in Rank and File © 


Mumerical Solution. 


For the No. that ſtood in Rank and File put x, 
Then will the Square of theſe be xx, 
But having go to ſpare, he had xx + 9o. 
Now encreaſing Rank and File by x, the Side 
is x+ 1, 
The Square of which is xx $,2x + 1 
From this take xx + 90, there remains 2x—39, 
This (Q.) is equal to 39. | 

hence, — 2x — 89 = 39. 
Then © — 86, — — 2X= 9 + 8%, 
That is — x 1 
| Therefore, x = Aa Side. 


6 


P 4 


OO 0 WY» 


—_ 
3 
— 


PROOF. 

There were 64 Men in Rank, and 64 in File, 
and 64 x 64 = 4026, to which add go, it is 4180. 
But had 65 Men been the Side of the Square, there 
would have been 4225 Men, which is 39 more 


th 86, Q. E. D. 
11 „2 PR O- 
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* PROBLEM XXXIII. 


There is a Veſſel (partly) empty, in which are 20 Gal- 
lons of Wine, worth 8 s. per Gallon ; now if it be 
filled up with Water, the Wine and the Water toge- 
ther will be worth 68. 4 Gallon, and the Whole 
worth the ſame Money as when it was all Mine: 
I demand then what the Veſſel holds when full, or, 
which is the ſame, how many Gallons of Water will 
fill it up 
Numerical Solution, 


I | For what the Veſſel wants in Gallons put x. 

2| Now 20 Gallons of Wine, at 85s. is 160 .s 

3| Now when the Veſſel is filled up, the Whole 
will fetch the ſame as the Whole of the Wine 
did, VIZ. 1605. 

4 Then fay, If 20 + x be 1605. what is x 


_—— 2 
4 20 ＋ x, 


| | So that there wanted 63 of Water to fill it : 
To which add Wine 20 Gallons, it is 264 
| Gallons the Contents. | 


PRooOF. 
1 
20 Gallons of Wine, at 8s. = 8 o 
O- And 265 of mixt, at 65. = 8 o 
PR O- 


1 | | 160 
This (Q.) is equal to 6 5s, Whence, 6= 
5 (Q.) is qual 5 e, — — 
6 That is, — 120 ＋ X= 160. 
T hen © 120g 6x = 160 — 120 = 40. 
8 Therefore — x = 5 3. 


> 
ds = : a — - — — 2 
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PROBLEM XXXIV. 


Vertruvius, (Lib. ix. Chap. 3.) informs us, That King 
Hiero being obliged by Vow to make a Preſent of a 
Crown of pure Gold, weighing 100 i. gave Order; 

or ſuch an one ts be made; but being told that the 
Goldſmith had ſecreted Part of the Gold, ani 
put to the Crown the ſame Weight of Silver, he 
ſent for the famous Archimedes of Syracuſe, to 
whom he recommended the Diſcovery of the Fraud: 
It is demanded how Archimedes diſcovered the Cheat, 
and how many Pounds of Silver the Goldſmith haa 
put into the Crown ? 


Since it is proved by Experiment that a Miſs 
of pure Gold will poſſeſs leſs Space than a Quan- 
tity of Silver of the ſame Weight, it will be eaſy to 
conceive that a mixt Maſs of Silver will poſſeſs, or 
take up a Space between them. Archimedes therefore 
cauſed two Maſſes to be made of equal Weight with 
the Crown, one all of pure Gold, and the other all 
Silver; then having a Veſſel filled to the Brim with 
Water, he cauſed the Crown to be immerged, care- 
fully reſerving the Water which flowed over. And 
thus he did with the Maſs of Gold and Silver, re- 
ſerving each Time the Water which flowed over the 
Veſſel; by which means he very exactly told Hire 
how much Gold was ſ:creteJ. 

Now let us ſuppoſe, that by immerging the Maſs 
of Gold _— there was emmitted 60 fj6 of Water, 
and by the Maſs of Silver go lb. and by the Crown 
64 lb. Then, | 


Numerical Solution. 


| 1| For the Quantity of Silver in the Crown put x, 
2\ Then mult the Gold — T0 - 


| 3] 
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6000 + 3ox 


1oo 
6|This ought then to be equal to the Pounds of 
Water emitted by the Crown viz. 64. 


Whence, — 6 


5 The Sum of the two is 


4. 


100 
7| This reduced, —— 6000 + 30x = 6400, 
$| That is, —— 30x = 6400 — boo, 
g | That is, 30x = 400, 
10 That is, — 3* = 40 
11 Therefore, — s == 131. 


3 
So that the Goldſmith had mixt 13 lb. of 
Silver in the Crown. 


NM. B. But there may be an infinite Number of 
Anſwers produced, according to the Variation of 
the Queſtion, and the Crown will be more or leſs 
adulterated, according to the Proportion of the 
Water emitted by the Maſs of Gold and the mixt 
aſs; for the leſs their Difference, the leſs the 
Adulteration. 
pn at That this and ſuch like Queſtions may 
be done by knowing the ſpecific Gravity of each 
D:dy ; that is, weighed ſeparately in Air and Water, 
and their Proportions will hold good in the ſame 
Manner as above, and is modernly practiſed, 


PRO- 


. c 


» 
<> 


«2 ? 


*y 
X's 


| 3 Theſe reduced to a C. D. will be 12x +8x +bx 


| There is @ Rod 1 a Yard long, at the End 
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| PROBLEM XXXV. & 
What Number is that whoſe E, J, and A erceedi i | 
Whole by 240 ? 
Numerical Solution, | 
1 For the Number put x, . f 


| Then will its z, +, 2 be = LA 4 | 
2 29 T3 wy 2, 3, J. 


| PA 24 
or rather, — ©) 2 
3 


Whence (Q.) this Equation, .13* = x-+240, 
12. 


. 8 


4 
| 5| This reduced, — 13x = 12x = 2880, 


And ꝙ 12x, — Ix 12x = 2880 
That is, —— „ = 2880, the Number, 


PROBLEM XXXVI. 


* 
o 


6 
7 


which bang 2 Weights, viz. one of 1 5, and the olli 
F x Ib. Weight: 1 demand the Point of the Nui 
_ Where theſe twa Weights will hang in Balance? 


— ﬀ Un Þ Go tD my 


Numerical Solution. ] 


; I|For the Diſtance of the leſs Weight to tht 
Point put x, 

2 Then will the Remainder be the Diſtance of the 

Greater, viz. 26 — x Inches, | 

Then will the Proportion be, 

As x: 36 — K:: 15: 1. | : 

Multiplying Means and Ext. 1x = 540 — 15M © 

Then © — I5z, —— —— 1 = 5a 


K WW 
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iz | Therefore, 8 33 2. Leſs Wt, 


| 

1 | And by 24 Step, 36 -* =2 4. Greater. 

| Sothat the Point from the ſmall Weight muſt be 
33 2 Inches, and the Diſtance of the 15 fh. 

| | Weight 15 Times leſs, viz. 24 from the End, 


PROBLEM XXXVII. 


Suppoſe a Rod of Tron to be divided into 150 
equal Parts, and at the firfl Part or Diviſion hangs 
a 4 i Weight, and on the laſt Diviſion, or other 
End, a Weight of 4 Score and 16 Pounds © I de- 
mand the Point of the Rad where thoſe two Weights 
will be in Equilibrio ; or, which ts the ſame, what 
Diviſion of the Rod will be a Balance to both the 
IWghts © | 


Numerical Solution, 
| For the Difference of the greater Weight put x, 
Then will the leſs be 150—x. 
Then As x: 150 —x :: 4: 96. 
By multiplying Means and Ex. 96x=600—4.x. 


8 Ur Þ Ws Þ = 


ther Ihen o —4x, — 10 2 600. 
Therefore, x= — = 6, greater Weight. 
100 


7 | And by 2d Step, 150—x=144, Leſs Weight, 
So that the Point of Balance is 6 Parts from the 
> the greater Weight, and 144 from the . eſs; For 

 144+6=150, the Whole. | | 
From hence alſo if a Rod be divided into any 
umber of Parts, and one Weight be given, and 
de Point given in the Rod, the other Weicht is 
ally found by Proportion, thus: As the Diſtance 
one End is to the given Weight, ſo is the other 
Viitance from the End 2» the required Weight, 


Thus, 


1 
1 
4 
| 
i 
\} 
4 

' 

\ 
. 
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Thus, in the Problem before us, let the Weight 6 be 
given, and the Diviſion 144 on which it is placed, 


and the whole Rod 150, as before, to find what 


Weight will balance it. 


PROBLEM XXXVIII. 


There is a Rod divided into 150 equal Parts, on which 
hangs at one End a 4lt Weight, and the Rod being 
placed or laid m_ any Thing at the 144th Divijn, 
demand what Weight at the other End will be alle 


o balance the 4 tj Weight, to keep the Rod in 
Equilibrio.? * | 


This is done by the Help of the Rule of Propor- 
tion, either direct or inverſe. For only obſerving 


the Diſtance the Point of Balance is from the given 
Weight, (which here is 144, and the Remainder 6) 


the Proportion is, As 6, the Remainder of Divi- 
ſions from the leſs Weight, is to the Weight itſelf, 
ſo is the Diſtance of the leſs Weight from the Point 
of Balance to the greater Weight, c. Thus, 


As 6: 4: : 144: 96. Or, 
As 6: 144: 4: 96, Cc. 
By this Method may be proved, whether the 


Steel-yard, or any Beam or Pair of Scales belonging 
be good : For notwithſtanding the vulgar Notion ot 


Beams and Scales being true, becauſe the Brachium 


Hangs in Balance, it is evident, that in weighing 
large Quantities the Buyer may be ſufficient!) 
cheated, or the Seller may ignorantly cheat himſel!, 
.and that more or leſs, in Proportion acording to the 
Make of the Beam. | 


Tyr. This is a Sort of a Paradox to me ut proſens 
; 0. 
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Nov. And to me likewiſe; I wiſh, therefore, 
Philomathes, you would explain it a little to me: For 
if it be ſo, how am I to chooſe a good Beam, or 
depend upon others to know whether they be true or 
falſe; for it is not to be ſuppoſed every one can prove 
it by Figures ? 

Phi. I grant it; but you may ſoon ſee the Truth 
of this by ſeveral Experiments*. However, I will 
tell you thus much, that in chooſing your Beam, mind 
not altogether its hanging in Balance; but more par- 
ticularly examine whether the Arms whereon the 


| Scales hang be equi-diſtant from the Center ; for 


ſhould they not, you may depend it is not an honeſt 
Balance: And whenever you ſuſpect any Pairof Scales 


you may ſatisfy yourſelf by this vulgar Experiment 


only; change the Weights and Commodity to the 


| contrary Scale, and if the Weight be as before it is 


right, otherwiſe falſe. 

Nv, We are obliged to you for this eaſy Expla- 
nation, 

Phi. J am not treating of Mechanics it is true; but 


| I have ſaid ſomething the more upon it, becauſe it 
is more uſeful and ' neceſſary in Buſineſs than every 
common Queſtion ; and indeed, ſuch Perſons as deal 
in valuable Commodities in large Quantities, ſhould 
| be careful to examine Things of this Nature, But 


come, we will proceed to 


PROBLEM XXXIX, 


A Tradeſman began the World with a certain Sum of 
Money, with which he bought a Stack of Goods, but 
by Misfortunes in Trade, he It the 977 Year one 
Half the Value of his = 0s and 10 Shillings over; 


| 2 and 
See Dr. Deſagulier's Experimental Philoſophy, Vol. 1. Plate 7, 


| 85 9, and 10. 


| 
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and alſa the ſecond Year he ** Half his Stock, and 


10 S E o er; and thus he went on for 5 n 
loſing Half the Value of the preceding Tears Stock, 
and 10 of illings over food at the End of the fifth 


Year he left off Trade, and his Stack was worth but 


30%. 10s. I demand the Value of his Stock at firſt ? 
Numerical Solution. 

1 For the Value ofhis Stock at firſt in Pounds put x, 

2| Then he loſt the firſt Year *+ 2 *, 


* PET Ad | 


3 And had left — 3 I9 VIZ. > 
4| Then had he Joſt juſt 5 this, the 2d Year it 


| would be | ae 
1 But ke loſt 10 Shilling more, W he Had 
left — — 


: 4 
6 This reduced, firſt x the Denominator 4, then 


- 2x — 2, — 2x — 6 


2 I; 


7 T his abbreviated, is the 24 Vears Stock left 
8] Then by loſing Half + 10s, had left the - 


Year, O_o 9 ws 7 3 2 To 
—6—8 SF 
| This reduced, 8 16 or, n, 
| b 16, 
x—7 
8. 


Note, as 10 Shillings i Half of a L. the 5 
the 2d Step repreſents 10 Shillings, and ſaves a Ads 
Heal Y Trouble, ] 10] 


12 


13 
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The Half of this, lein 10 Shillings is left the 10 


Vear, vix. 


—  — 


16 
This reduced, is .—. —14—16 n 
32. 32, 
Nr. 
16. 
Thenhad he left Half this, leſs 10 n the 
5th Year, viz.— 8 — . 
| 3% 
This reduc'd, is *< =39=32 on, AE 62 
64, 64, 
or 4 
32. 
Now this (Q.) is equal C. 50. 108. or, 50 5+ 
Whence, — —— 50 K. 
2 


This reduced, firſt x. Denominator 32, 
x—J31= 1600 2 22. 

This x the Denominator 2, is 

2x —62= 3200+ 32. 

Then @ — 62, 2x = 3200 + 32 + 62. 


Therefore, * — —5 = , his rf 


Stock, which you may prove at your Leiſure. 
PROBLEM XI. 


Mat Number is that which if added ſeverally to 3, 19, 


to mw 


and 51, will make them 3 Proportional 4 
Numerical Solution. 
For the Number put x, 
Then by adding this to each Number, they are 
x+3, x+19, K 4 51. 
Whence, by the Rule of Proportion, As 
K 3 


1 
% 
"© 
4 
* 
7 
4 
2 1 
i > 
= 
- 

” 3 
54 
1 
{4 
4 


1 
1 
7 * 
1 
| | 

4 

+ 
1 
E 
= 
FT. 

1 1 


n — 


—— 
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| | As x+3:x+19::x+19:; x+51. 
| 4 | But multiplying Means and Extremes you hare 
. xx + 54 x + I53=xx CRETE 
{| 5 | Then by cancelling xx on both Sides, 
| [| 54x+153=38x+ 361, 
1-6.] Then e 38 and 153, it is 
| 5$4x—Z8x=301—153z 
7 That is, I6x=208. 


18] Therefore, == 13 Anf. 


$1 16 
"04 PROO r. 
Numbers 3 19 and 51 
| Add 13 3 13 
16 32 4 64 


For 16 * 64 = 32 * 32. 
Do theſe Operations appear plain to you, Novitius? 
New. Very plain, Sir; I think Lunderſtand them 
all very well. | 
Tyr. | wiſh I could ſay fo for my Part, for I muſt 
own at preſent I do not. 
Phi. It is not to be expected ſo young a Learner 
ag you, Tyr unculus, ſhould be Maſter of theſe Things 
at once: If you underſtand the Work by reading it, 
that is ſufficient at preſent, and in going through the 
Preblems once more, you will, no Doubt, under- 
ſtand them; and I think 1 have given you a Variety 
of Examples enough. f 
Nov. | beg you would work a Queſtion or two in 
plain Trigonometry before you conclude, if /imp!: 
Equations will perform them. 
- Phi. Yes, . there are many to be performed by 
ſimple Equations only: But really I have ſcarce an” 
of 0 


| 


| / 
\ 
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to grant your Deſire, having already added ten Pro- 
blems more than I intended. However, to oblige you 


I will; but then I ſhall work them literally, for it 
will be too tedious to do them umericully. 


PROBLEM XLI. 
Suppoſe a Pole to ſtand upon a Horizontal Plane, 75. 


Feet clear from the Ground (or x +c); what” 
Height from the Ground muſt it - cut o 1 — off” 
at, ſo that the Top of it may fall upon a Point 55 


Feet from the Bottom of the Pole to the ſaid Point 
on the Ground? 


Literal Solution. 
] For the Height ſought 
i ͤʒput x, 
| 2 The Square of which 
(| is xx, | 
Then is the uare of | 
| bs | 6 = bb, 1 8 
4 The Sum of their 9 
Squares xx + 6, | + 
5 * Remainder to 75 ol * 
, c — x, 2 —— ii 
6 The Square of this is | 
ce. 2c + Xs. ) 
7Whenee this Equa- 4 
tion, xx + bb cc - 2c + KN 
8 | Cancel xx on both Sides, bb cc — Ac. 
'9 | Then 9 — ac, it is 2xc + bb = cc. 
10] Then ꝙ bb, — 2*c = cc — 5. 
11 Then muſt x = <= at is, #=75X 75 
2c, 
1] 5sVNν55 divided by 75 * 2, Which is = 
1 | 17 Feet An. f 


K 4 PR O- 
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PROBLEM XLII. 
In the Triangle ABC is given the Baſe AB = 12, 
and the Segment, or Part 4 the Hypothenuſe, BC, 
viz, BD=4. Required the Sides AC and BC? 


Literal Solution. 


Leta = 12 = AB, and b = 
+= BD; and let x = 40. 
Now as AC and CD are equal, 
BC muft be =b + x. Then 
by the 47th of Euclid, BC* = 
AC + AB*; but BC = the . 
Square of b+ x; viz. bb + 20x g : 
+ xx, and aa=AB 


1 
| 1 | The Square of b+x is bb + 2bx + xx. 
12 This (Q:) is = Square of x and à. 


,| | Whence, 


4 Then ꝙ b, it will be 


5 | Therefore, x= 
| a 2b " 3 bb 
So that the Side CA or CD=x=16, And 


CD 16+ BD=4=20=Hypothenuſe CB. 
PROBLEM XLIII. 


There is a rectangled Triangled ABC, whoſe Baſe AB 
=45, and the Sum of the Hypothenuſe and Ca- 
It is required to find 


thetus AC + BC = 135: 
tle Sides AC and BC ſeparately? 


bb + 2bx + xx = xx + 44, 
3 | By cancelling xx on both Sides, bb + 2bx=aa, 
2bx==aa—bb, 
ga—th _12X12—4X4_ 16 


- Literal 
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Literal Solution. 5 
Let d= 135 = AC + BC, and 

let þb = 45, or BA, and put æ for C 
CA; then CB =d —x, And ſee- 
ing the Angle CAB is a right one, 
we have (by the 47th of 1 Euc.) 
BC = CH + BAH* 3; but: BG® 8 | 
= the Square of -x, viz. dd— A 
2dr xx. And CA = xx; and 45 
BA=bb. Therefore 


| 1 | The Square d—x is 4d 2dx I xx. 
2 | This (Q.) = to the Square of x and 5. 
W hence, dd — 2dx + xx = xx + bb. 
3 | Then cancelling xx, du — 2dx bb. 
* Then , ad—bb==24x. 
5 


Therefore, x = dd=bd 4.29 60 


* | 2d. 3 
| = CA. And 135—-60=75=BC: 

Let x=BC, and then will AV = d -x; and 
therefore (by the 47th of 1 Euc.) BC = AC* + 
AB*, Therefore, as b=BA, as above, it will. be 
1 | xx=dd— 24x TEN bb=-xx, 

þ ad— 2dx + bb=0- 

3 


2dx=dd+bb,. 


4 4 2 272.8124 45X' 45 
I-24 ITS EE 
Hypothenuſe BC. And 135 — 75 =.60'> 


| AC, as before. 


= 75 ths 


R 3 * | Note, 


* 
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Note, By the 36th of 3 Euclid, you may find the 7 
Sides BC and AC thus: Deſcribea Circle, making u 
the Perpeudicular the Radius; then is the Rectangle ye 
Be into the Segment BD = the _— 

Square of AB, therefore BD is of” 6} :; 
= the Square of AB divided by 
Be = BC + AC = 135; that 


is, BD =#3545 = 15; and 


135 | H. 
therefore (by the Figure and the : 
preceding Work) BC+ AC ; that B A 
is, 333 13 =60 AC, and bo+15=75 BC, 
2 On, 
| / 
Geometrically, 8 
Firſt, From any Scale of equal 2 
Parts make the Line AB=45, and at ze ” 
right Angles to it draw Ae = 135, 7 
the Sum of the Sides AC and BC. W | i One 
Then join Be with a right Line from : 1 
eto B, and divide this in the Middle „/ [4 3 
at i;; then let fall a Perpendicular from 1 "3 1 
b upon the Line Je, which will fall C 
upon the Point C; then having drawn 
the Line BC, the Friangle is com- 727 
pleated: And if you meaſure the # 1 
Sides upon the ſame Scale, you will / 


find BC = 75, and 4C = 60, as | 
above : For as Line bc being perpen- B 4.5 A 
dicular to Be, and cutting it into two equal Parts; 
the Triangle BCe is I/eſcles, by the 5th of 1 Eu, 
T 44478 conſequently AC + BC = AC + Ce 
QB. thus, Novitius, J have done all that is in my 
Power to ſerve you and Tyrunculus ; and I ſhall leave 
| 7 Problems 
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7 Problems more, without their Operation, (to make 
up the Number 50) for your Practice; and I deſire 


you would affiſt Tyrunculus in them; as I have afliſted* 
you in the others, | 


SECT. II. 


Here follows: ſome more PROBLEMS, to' exerciſe the 
young ALGEBRAIST. | 


PROBLEM XLIV. 


One hires a Farm containing 125 Acres of Ground, 
for which he gives 38/.. 58. the Land conſiſts of 2 
Sorts; for the better Sort he gave 7's. 6d. per Acre, 
and for the worſt 3s. gd. per Acre: I demand how 
many Acres there were of each Sort. 


PROBLEM XLV. 


One lets out 60. in 2 Parcels, viz. one at 5, and the other 
at 6 per Cent. which in 13 Years ſimple Intereſt 
wanted but-19f,. 7 s.- 6d. of the Principal: I de- 
mand the Parcels ? 


PROBLEM. XLVI. 


| Three Drunkards, A, B, and C, having each of them 
run up a . Score at an Alehouſe, agreed to go 
(under Pretence to drink) and rub all ut; which 
was done accordingly. But the Landlord remembered 
very well, that A's and B's Reckoning added toge- 
ther made 16s. 1cd, 2, and Band C's 138. 2d. 4, 
and A's and C's 118. 5d. 3: He therefore craves 
your Aſſiſtance from hence, ts tell him each Man's 


Aſtin Score? N 
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PROBLEM XLVII. er 

There are two Numbers _ Sum ts $17, and the 2 
uotient of the greater by the leſs is juſt 1000: J 

— 1 N umbers? 5 E 

PROBLEM XLVII. ke 

What Number is that, which, if added to 23, 209, K 

and 501, will make them 3 Proportionals ? al 

PROBLEM XLIX. fo 

What Number is that whoſe 2, 75 JI» 85 and 125 ex- tl 

ceeds itſelf by 1? 
PROBLEM I. 1 


A Perſon dying, left in Caſh 410 C. 10s. to his 

4 A, B, c D, in 72 Manner, * 

if A had 4. 10s. mire, and B 4/. 10s. iſs, fn 
and C's were multiplied by 44,. 10s. and D's d- ſe 
vided by 40. 10s. it would produce one and the ſame T 


[4 
7 


Sum of Money : What was the Portion of each? or 
Nov. But pray why do you not inſert their An- 4 
fwers ? | 
Tyr. It would be ſome Help I think to the young . 
Practitioner. 8 > 
Phi. It would be indulging him you- might ſay A 
indeed, but I cannot ſee why the Queſtions are at Fe 
all the harder to be done, without it be to ſuch who 2 
from the Anſwers often gueſs out the Numbers; T 
therefare I chooſe rather to omit the Anſwers : For 6« 
if you do the Work right, it will prove itſelf ; and to P 
a diligent Learner it is all the ſame as if the Anſwers as 


were before him; and I am ſure it is a proper Ex- 
= : erciſe in 
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erciſe to qualify you for more difficult Things of this 
Sort. 
Nov. You may depend upon it, Sir, I will do my 
Endeavour to find their Anſwers in a ſhort Time. 
Tyr. So will I, as ſoon as I am a little more per- 
fect in the foregoing Problems. 
. Phi. You are right, Tyrunculus, for from a true 
Knowledge of them you will ſoon diſcover theſe 
alſo. 
Nov. We are highly obliged to you, Philomathes, 
for theſe Favours. Come, Tyrunculus, do you 
think of going? - 
Tyr. When you pleaſe, Sir. 
Nov. Dear Philomathes, in accepting my hearty: 
Thanks you will yet more oblige your humble: 
Servant. 
Tyr. Pray receive mine alſo. 
Phi. I do; and you are not only welcome to theſe 
ſmall Inſtructions, but I ſhall always be ready to- 
ferve you: Only let me perſuade you. (as. far as 
Things of more Moment will allow of) to aſſiſt 
one another; for it is poſſible I may (by and by} in- 
ſtrut you in ſomething of Quadratic Equations, be- 
cauſe it is a Pleaſure to me to ſee you delight thus in. 
Figures. Thoſe that have no Taſte for this Sort of 
Learning indeed, are ignorant of the Satisfaction 
that it leaves; for what can be a greater Satisfaction 
to the Mind than Certainty itſelf, built upon the 
Foundation of unerring Principles? This made a 
noted Author ſay, that Algebra, like Logic, gives 
* us 2a juſt Idea of the Nature of Things, ſhews us 
* the true Way of Reaſoning, elevates the Mind to 
** a proper Degree, and will not ſuffer it to. dwell 
upon mean and baſe Trifles.“ 
And I could heartily wiſh that more of the grow- 
mg Youth of this Age (eſpecially ſuch as can afford 
| * | | it) 
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it) would (with you) give their Minds to the Study 
of ſome of the Mathematical Sciences, they being not 
only uſeful, but very Civerting, and would certainly 
tend much more to their own private Good, and that 
of others, rather than the conſtant Peruſal of ſuch 
Books which daily vitiate the Mind, and corrupt the 
Morals. Thus we read, ** Xenophon commended 
« the Per/ians for their careful and prudent Educa- 
ve tion of their Children, who made them ſtudy only 
« ſuch Authors as treated of Learning and Mora- 
« lity; but would not ſuffer them to effeminate 
© themſelves with idle and amorous Tales, knowing 
« weil, and wiſely diſcerning, that there needed no 


« JVeight to be added to the Bias of corrupt Nature.“ 
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APPENDIX 
CONTAINING 


Some neceſſary INSTRUCTIONS, 


In the RupimMEgnTs of 


QUaDRATIC EQUATIONS, 


VIZ. 


I. InvoLuTION, or the Method of raiſing 


POW ERS or involving QUANTITIES. ' ; 
II. The Res80LUTION of a SQUARE raiſed 15 | 
from a BINoMIN AL, and how to compleat Fi 
the SQUARE. j 

f ; | 1 

III. Of Evorluriox or extracting Roos. 14 
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In a DIALOG uE between 


PHILOMATHES and NOYITIUS 


CONTAINING 
Some neceſſary INSTRUCTIONS 


IN 


QUADRATIC EQUATIONS. 


II 


PRILOMATHESs calls upon NoviTIUus to know 


what Improvement he has made in SIMPLE E QUAs 
TIONS, | 


© The Sign of InvoLUTIAON, 
po T he Sign of EVOLUTION. 
y The Sign of SURD or IRRATIONALITY, 


. ons your Servant. 
9 N 9 Nou. Sir, I am heartily glad to ſee 
you. 

it IE. Phi. You remember I promiſed to 
| give you ſome Notion of Duadratin, 

which I intended to have done before, but that Bu- 

ſineſs of greater Moment has continually called for 

my Attention: And though I am now come accor- 


ding 
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ing to Promiſe; yet my Viſit will be but ſhort: 
And before I begin with you let me know whether 
— are pretty perfect in what I have ſhewn you 

ore, 

Nov. That I aſſure you I am. 

Phi. We will proceed to the Point in Hand then. 

Nov. Pray what does the Knowledge of Qua- 
aratics depend upon? 

Phi, The Knowledge of Quadratic Equations de- 
pends upon thele 4 Things, 

I. The Method of raiſing Powers from a ſingle 
Quantity. | 

24ly. The Reſolution of a Square raiſed from a 
Binominal or Refidual, and how to complete the 
Square when two Members only are given. And 

3dly. The Way or Method of extracting the 
Roots. 4 

The firſt two of theſe are comprehended under 
+#hAName of Involution, or the Method of involv- 
ing Quantities from any given Root. 


Of raiſing Powers from a ſingle Quantity, 
RUR. 


Multiply the given Quantity into itſelf you have tht 
Square, to which join the ſaid Quantity you hart 
the Cube or third Pawer, &c. &c. 

| EXAMPLE I. 
Let x the Root be involved to the 2, 3, 4 and 
5th Power. 
x Root | 
xx Square or 2d, Power. 
xxx or x* Cube or 34, &e. 
xxxx Or x* Biquadrate or 4th, &c. 


xxxxx or x5 Surſolid or 5th, Power, 2 
: | 0Vs 


Negativ 
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Nov. This is ſo plain, more Examples are need- 
leſs: But what do you mean by a Binominal and 
Reſidunl Root ? 


Phi. A Binom nal is a compound Quantity con- 
ſiting of two Parts as x +6 or x + connected to- 
gether by the Signs more + andleſs — or + or — 
and alſo x = b x— . Now theſe two Parts multi- 


4 x 

plied by themſelves (that is ſquared) will always pro- 
duce 3 Members, the firſt and laſt of which will be 
perfect Squares of the Root itſelf, and will always be 
HFrmative; and the middle Part or Member is made 
by the double Rectangle of the Parts of which the 
Binominal is compoſed, and this middle Part will be 
ſometimes Affirmative, and ſometimes Negative Af- 
firmative when both are Affirmative or Negative, as- 
x + b or —x — b; and Negative when one of the 
_ is Negative, as x ; do you underſfand. 

Nov. Ves very well, except it be the double Reece 
tangle you talk of. | 

Phi. This I ſhall ſatisfy you about preſently; under 
Obſervation the Firſt : In the mean Time, we will 
give you an Example. 6 

24ly. The Reſolution of a Square raiſed from a 
Bineminal or Reſidual, and how to complete the 
Square when two Members only are given. 


Ex- 


Note, A Bineminal is called a Reſidual Root when one Part im 


Negative as x = 6, 


Pant ee . — Yr rr 
— — , 


—ͤ———— 
— — <> 


. „ PO 


— —— —— — - 
_— 1 


— — 9 — ſa 
a 
. 8 
— 
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EXAMPLE 2. 


Let x+b a Binominal be raiſed or involved ta in all 


Let x» —b a Reſidual be raiſed or involved to the 


third Power. 


—3 


x—b_ 


xx —- xb 


2 


* — 


ar- 226 bb Square X - 


x — b 
xxx - 2xxb + xbb 


—— 


— + 2xbb —bbb 


— — — 


XX — - 3xxbb + 3xb—bbb Cube. 


the third Power, nate]! 

Ph; 

x +þ but cc 

a+ # tions 

xx + ab 

* +66 Th 

xx+ 2x6 +bb the Square, This "__ Deno! 

«+6 IND Multi 

aux + 2xxb + xbb © ſquare 
 wxb+2xxb +bbb 

xx +axxb + grö E Il b Cube: 2 Bin, 

10 EXAMPLE 3. ves 


* — 


comme 
punge 

Nov. 
Ing it ( 
Phi. 
olve a 
that is, 
Nov. 
preſent 

Phi. 
Known 
becauſe 


Is, th. 
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Nov. T underſtand you very well ; and J alſo per- 
ceive that in the Binominal the Anſwer is affirmative 
in all the Quantities; but in the Ręſidual they alter- 
nately change. 

Phi. You ſay right; and you ſee that it is Nothing 
but common Multi plication; and if there were F race 
tions the Work 1s the ſame. 

E x TY M 1 L E 4. 


Thus, ſquared is == for only multiply the 
Deacilthatcs and the Numerators together as in 


5 of wh e F I ſo 3 
ſquared is; and 4 dr gated | 12 and x + 2 
' 165 4 21 * 2 


a Binominal is xx +==+ = or xx + ax 4 aa 


7 
2d& 


and laſtly, x—©® will alſo be xx 2 4 or 
2 yg” 


#x = ax + — For 2 in the middle Term being 
* 


common to the Numerator and Denominator I ex- 
punge it, and take the Numerator ex only. 

Nov. I thank you kindly, Sir, for your demonſtrate. 
ing it ſo plainly. | 
Phi. 1 — 1 then, as you know how to in- 
ove any Root, you alſo know the third Thing, 
that is, how to complete the Square. 

Nav. That I do not, nor do I know altogether at 
preſent what you mean. 

Phi, T own as I ſaid before, that it is not ſo eaſily 
known by a Learner ; therefore I readily excuſe it 
becauſe Authors in general have taken no Notice of 

ls, though ſo neceſſary. 2 

of 
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«Of compleating the Square when but two Members 
| are given. 


I have already told you, that any compound Quan. 
tity, whteher Binominal or Ręſidual, when ſquared 
wil conſiſt of three Members; the middle of which 
will be ſometimes affirmative, and ſometimes negative: 
I alſo told you, that when they are both perfeEtSquares 
you may ealily know it, as xx. + bb or xx + 16; 
to compleat the Square of which will eaſily appear as 
follows. Fs | 


OBsERVATION 1. 


When any compound Quantity as xx+8b or xx 
— bb wants to be compleated, that is, wants the 
middle Part or Member, (for remember I told you 
it. conſiſts of 3) then take the Root of each Part, 
viz. x and b, and multiply them together, which is 
xb or —xb, this is what we call the Rectangle, the 
Double of which is 2xb or — 2x6, either of theſe 
put between the other two will compleat the Square, 

Nov. This is eaſy-indeed if I take it right; for 
ſuppoſe xx b were to be compleated, the Root 
of xx is x, the Root of Lb'is b; now x Xx þ = x 
the ſingle Rectangle, therefore 2xb is the double 
Rectangle, which placed between the other two 
Members will be xx + 2xb + bb, or xx — 2b 
+ bb, But how am I to proceed when there are 
Co-efficients ? | 

Phi. The very ſame: For ſuppoſe the Root 8x—2 
were to be ſquared-or compleated, here 8x x 8x= 
64x the firſt Term, and — 2 x —2=4 the third 
Term, Now 8 x —2 = — 16x the ſingle Rect- 
angle, therefore — 32x is the double Rectangle or 
middle Term, ſo the Square compleated is 64x— 32* 


Þ+ 4+ Numerical 
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Numerical Demonſtration, 


Suppoſe they were in Numbers only, you will ſee 
the middle Term is always made up with the double 
ReQangle of the Parts. For let any Number (ſup- 
poſe 16) be divided into any two Parts, as 12 and 4. 
To compleat the Square 4 * 12 = 48, which 
doubled, is 96 the middle Term, ſo is the Square com- 
pleated, viz. 144+96+16; and if you make the 
Binominal x + b = 12 + 4, you will in courſe 
have xx + 2xb + bb= 144 +96 + 16. 

Nov. I like this very well; but pray how do you 
compleat the Square? when of the two given Mem- 
bers only, the firſt is a Square, and the other any 
Quantity or Number propoſed at Random. 

Phi. To be ſure this cannot be done in many Caſes, 
by taking the double Rectangle of the Parts as before 
directed, becauſe the Parts conſiſt not of two pure 
or perfect Squares; but ſtill, Novitilus, we ſhall 
put you into an eaſy Way of doing it at once, I'll 
warrant you, by the third Thing propoſed, namely, 


OB$SERVATION 2. 


When any two Quantities are propoſed, whereof 
the firſt is a Square, whether they have Co-efficients 
or not, or whether the ſecond Member be a Fraction 
or not, you may find the third Member and com- 


wy the Square of two ſuch Quantities by this Rule 
only, 


Another general Rule to compleat the Square of any 
two Quantities, one whereof is a perfect Square. 


RU LE. 


Take half the Co- efficient of the ſecond Member, 
and the Square thereof ſhall be the third W 
; which 


n 
8 * * ” - 
«at. oe ac coegretattutbe + rr YT ERC. $24 . — 
— — 
— _— - * * 
y PS _ _ — * * 
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which will compleat the Square of the ſaid two given 
Members. | 

Nov. What do you ſay this will do, though I pro- 
poſe any Quantities or Fractions at Random? 

Phi. Yes, provided your firſt Member be a per- 
fe& Square, and the ſecond has the Root of that 
Square found in it. 

Nov. Give me a few Examples. 

Phi, J will. 


EXAMPLE. I. 


- Suppoſe xx + 8x were to be compleated here, 
half the Co- efficient of the ſecond Member, 212. 8 is4 
to whoſe ſquared is 16 which will be the third Term. 
xx +8x, therefore when compleated, will be xx + 
8x+16, the Root or which is x+4, for x + 4 
Xx+4=xx+8x+16. 


EXAMPLE 2. 
Let xx+ 14x be compleated, 


Here half of 14 is 7, this ſquared is 49 ; ſo that 


xx + 14x when compleated is xx + 14x + 49. 

Nov. Very eaſy indeed, and very pretty. 

Phi. Notwithſtanding this you ſhall very rarely 
meet with it in Authors. 

Nov. I know it ; but pray ſuppoſe the ſecond 
Member have an odd Number or Co-efficient, or 
ſnppoſe it to have Fractions, how then ? 

Phi, The very ſame as before, 


EXAMPLE 3. 


Let xx + 5x be compleated, 
Nov. I am at a Loſs at preſent indeed. 
Phi. Surely not, Nowvitius ! why is not the Half 
ef 5 expreſſed 5 ? Fs 
| Nov. 
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Nov. I aſk Pardon, it is ſo, and the Square of 4 is 
23, is it not? 

Phi. You are right. 

Nov. Then I perceive xx +-5x when compleated, 
will be xx + 5x + 25. And by the ſame Rule xx 


. 2x 1 | 
4 Zend Zo > for the 5 of + is 3 


5 
and the Square of + is 2, ſhew me one or twa 
literally. 


EXAMPLE &$, 


Suppoſe xx + bx be given, what will the third 
Member be to compleat the Square? g 


Here the Co- efficients of the ſecond Member is 3, 


Half of which is-—which ſquared, 182 fo that xx + bx 
7 7 


when compleated is xxx + 17 dee Page 219, 
| 4. 
EXAMPLE 6. 


xx + o when compleated, is xx + — + — 
a a 4.44. 
For half the Co-efficientZ is the Square oſ which 


1 
is bb 


4aa, 

Are you ſenſible of this ? 

Nov. Nothing appears plainer, 

Phi. Since you know Something of the Nature of 
Invilution, and compleating the Square, I will now 
give you a Notion of Evolution directly. 

| 3 ff EvoluTion. 

E-olution is the Reverſe of Invelution, and ſhews 

us how to extract the now of any given Power, 


Ex- 
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_—:: | XXXX 


x Root xx Root: 
xx bb cc xx bbbb. dddd 
x be Root x bb ad Root, 


OBSERV. 1. 


When there are ſeveral Quantities in one Power, 
then conſider which of thoſe Powers are perfect or 
pure Squares of themſelves ; for ſhould the firſt and 
third be ſo in any Power raiſed from a Binominal or 
Riſidual, extract the Root of the ſaid two Powers, 
and you have the ſquare Root of the whole Quan- 
tity of Power, Thus, | 

xx + 2xb + 2bb Square, 


— — 


x+b Root. | 


For the Root of xx is x, and the Root of }b is B, 
and theſe two connected are x + , and theſe I ſup- 
poſe the true Root; but I find it to be ſo upon two 
Trials, firſt x x b = ab, this doubled is 2xb the 
middle Term; alſo x + b x x + b gives xx ++ 2b 
+6bb the Power given. Again, 


* +6 Xxx + 9 xx Square 8 
xx + 3x Root. | 


Alſo ſuppoſe xxxx —.14 xxbb cc + 49 bbbb cn, 
Then ax = 7 bb ce Root D 


Here ate two Pure Powers, the Sqare of which is 
xx and 7 bb ct; therefore I conclude xx — bb cc the 


Root, hecauſe the middle Member is negative, _ 
the 
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the Square of half its Co- efficient gives 49 in the 


third Member. 

Nov. I underſtand you well; but how am I ta 
extract the ſquare Root of Fractions ? 

Phi. After the ſame Manner, For, 


OBr$SERv. 2. 


If the firſt Member be a pure Power, and the 
Fraction alſo, you may conſider it as a perfect Square 
raiſed from a Binominal or Ræſidual Root; extract 
therefore the Root of the Numerator for a new Nu- 
merator, and of the Denominator for a new.Deno- 
minator. 


EXAMPLES. 


Let xx + 3 + 2 Square 
x + 1 Root, | 


For the Root of ? is 3; and XK +3 xXx +3 = 
** + 3x + . Again, 
Let xx. + 3bx + 2 4b Square 
x + 3 b Root, Again, 


Let xx— bs + bb Square 
a 444 


x + 5 Root. 
2.4 | 


See Example 6. in Involution. Alſo, 
Let xx — dx + + dd Square 
x = id Root, 

Do you underſtand it ? 


6 1 L 2 | Tyr. 
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- Tyr, Yes very well, except in one Thing, and 
that ſeems very odd to me. 

Phi. What is that ? 

Nov. Why, I perceive the Root of the Fractions 
is larger than the Fraction itſelf, h | 

Phi. Not in every Reſpe& neither; for 3 of dd 
muſt be more than 3ꝛ 4; but I ſuppoſe you wonder 
that the Square Root of 4 ſhould be 4, which is 
more than + itſelf, | 

Nov. I do fo, 

Phi. That the Root of every ſimple Fraction is 
greater than the Square itſelf ; you may ſee the Rea- 
ſon of this, in Dialogue 3. Set. 3. Note 1, and 
Note the 3d. Sect. 4. of the ſame Dialogue. 

Nov. But I wiſh you would demonſtrate it, 

Phi. You aſk Things indeed foreign to the Pur- 
poſe ; however, I am ready to oblige you in every 
Thing that may be ſerviceable : I ſhall therefore ex- 
plain it by Decimal FraQtions ; and you will ſee it 
at once : Now I ſuppoſe you know in Decimals ,25 
is 4 „50 is 4 and ,75 is 4 of any Thing. 

Nov. Yes very well, for 25 is of 100, 50 is 2 of 
100, and 753 of 100, their reſpectiveDenominators. 

Phi, Right, obſerve then, # only ſet down 25 as 
it ſtands in whole Numbers, and find the Root thereof 
5, which is 5 five Times leſs in the Root than the 
Square. I alſo in ꝑ ſet down 25 with a Dot or Prick 
before it, thus . 25, and the Square Root is ſtill 5; 
but I put a Prick alſo before the. that being a De- 
eimal alſo; Now. 5 you know is x : By this you ſee 
that the Square Root of ſimple Fractions encreaſe in 
Value or Oancity in Proportion to the Decreaſe of 
Roots of whole Numbers. 1 

Nov. I ſee it plainly, and I heartily thank you; 
but how ſhall I know when a Square is not perfect, 
and how am I to act in ſuch a caſe. 7 

7 
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Phi. That will diſcover itſelf by the foregoing 
Rule; that is, if there be not two pure Squares; or 
if the double Rectangle under the Squares make not 
the middle Term: in ſuch Cafes as theſe, you only 
put this Sign (/) before it, to ſhew it is a ſurd 
Quantity. For this Sign is called the Radical Sign, 
or the Sign of Irrationality, Thus, 

The ſquare Root of xb is / xb of xx + dd is 


ay xx + dd 

Now you ſee it is plain xx + dd is a Surd, or a 
Quantity that is not a perfect Square; for the Square 
of xx is x, and the Square of dd is d; theſe con- 
nected arex + d; but x + A Xx+4d = xx + 2 
+ d conſequently therefore xx + dd is a ſurd 
Quantity, 
So allo the ſquare Root of xx + 2xb — bb is 
xx + 2xb — bb, becauſe the firſtis afirmaiieey 
and the third negative. | 

Again, The ſquare Root of xx + S + bb is ex- 
preſſed / xx + 5xb + bb; becauſe the middle 


Quantity is not juſt the Double of the Products of 


x and b, 

And now, Novitius, I will give you a Table of 
the Powers, and ſhew you the Manner of involving 
them more plainly ; and alſo more of the Nature of 
Inveſtigation by Way of Exerciſe. | 


gy ne OI 
—_— 1 


. 
1 
iT 

2 —— ͥ — 7 

— —— 7 K 


— 
- _—_—_ 
#p * ap 23 


—— — — = — — wt 


Here follows the Method of Inveſtigation or extra Jing 
the Roots of all Powers, 


Fa Square Root having been ſpoken of before, 
I ſhall here begin with the third Power or Cube 
Root, And you are to take Notice, Novitius, that 


L 4 in 


— —— — — 
4 
- ——ů— 


— — 
* 


I" 
— 
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in all the following Operations wherein e is above the 
fecend Power, that Part muſt be rejected. 


1. Of the Cust Roor. 


given Number whoſe Root is to be ex- 


tracted, be = b, and let ĩ + e = b. Then if 2 
you involve x + # to the third Power, that is, Cube | 
it, you will have 


| 2 
[af + 36% + qze* + xxx = b 
nes 1 4 * + ©. = — 4 
| | 
2 43 T 2 5 
12 * 
3 H 2] 4 Tin VEL 
1 3 3 = 
4 7 2 E= TY E Vl. 
l 
Now this Method will always hold good in eve 
| Y iy 
Operation, whether you ſuppoſe x-+ or — than it 4. 
uy is, as plainly appears from the next Work, 
Or, 
| Let a — e = fs: 4 
11 * — 32 ＋ ze = 85 =b 
1 * 242 ö 
x » | 35 xx 5 
1 „ 
„e 7 
v 2 YE” = — 
3 # | 2 3 12 
b xXx Tt, 
* a x __ > vb ot of 7 
4 + 2 13 3x 12 
as before. 2, Of 


| 
AEPENDIZ' „ 


2. Of the BIQUADRATE or 4th Powz, F' 
17 aſe %% VT l 
* + 4x* e£ + 6x* = 1 
2 ＋ 6 2 4 $24, 2.6 11 
Xx Xx 4xe ! "i 
2 = on i: BE 231 | 
R | 
S = + _ x | 
— 6x 18 
5 12 GET 2 T 1 
2x1 | 3 r | 
| | | 
3. Of the Surs0L1D or 5th Powe, 1 
Let | oo” c 1. SLED | { 
* + 5x* e + 10x ef =b . 
2-10? VC 8! 
10 2 IOx? h | 4; 
aid — 05 — b 3; 8! 
3 * 4 ** hes 5 + ee Jr” | | 
x FE _ S: 
Si 6:34 0. 3E 
. S | 4 | 10x © 80 
54218 44 yL_ 3x [ 
| + | — + 10x? 80 | ] 
la | 
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4. of the Cre ſquared or 6th PowzR., 
Let 41 Tir 1 
1 ©- 6 2 * * EE => xy ® 
x* + 6x%s + +5x*je* = b 
2--15x*| 3 aka + 29 + ce = 


a 15 82 ra 
3 WE &= & 
7s 47] Fg. 2400 75 
„„ LN + 2xx 
2 4 —- + 2£= —_— — yw_ 
ad 0) - age . 
88 1 6 TN Y = yo, 
5 * 1 73 
e. 


And 4 may you 3 to the 7th, 8th, gth, 
10th, &fc. Powers. 


Now from a due Confideration, Novitius, of the 


above Work (for I cannot expect 200 to be prefect 
in it yet) you may by comparing the Roots thus in- 
veſtigated, form Methods for finding of general 
Theorems to extract the Root of any higher Power 
without any troubleſome Operation, 

Nov. I that like to know that. 


Ph;. Obſerve then, firſt let us compare the four 


laſt Operations, and you will find the Fractions be- 
fore x increaſe uniformly, and that the Numerator 
and Denominator of each is 1 Unity more 
added to each. Thus. 

ix 2x 3x g 5x, c. Cc. as follows, 


= + —— — xx = b | 
Zx 12 — 
2 (b PETR: Fa 
TR Sr i 
077 Vane 2 Sa 


Lo 
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So that they follow you ſee in a Series 1, ! 
35 5, b Sc. From hence follows, 4 3» 4» 75 
rern 
INT =. 


x 725 — Xx 
3 (b * 
„ 
“ 
5 wks 


5 
1 xx, &c. &c, 


— ns, 
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Again, If you compare the Power by which 3 is 
divided, you will find it increaſed by the continual 
Multiplication of x; and that the Co- efficient of the 
ſaid Power (b) is increaſed alſo by the continual Ad- 
dition of 3, 4, 5, 6, 7, 8, &c. Hence therefore evi- 
dently ariſes | 


Lp 142 exe 
8 4 
2 [hb 


4+ I Ox 2 
3 
5 * 
(hb FR. 
2 x + * x, Kc, &c. 


*  Osnziay, 


— —_— —B 
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Os ER v. 3. 

From what has been obſerved, it may eaſily be 
convinced, that the Fraction, into which xx is mul- 
tiplied, are found and produced by multiplying half 
the Fraction annexed to x into the whole Fraction 


_ aforeſaid Fraftion, 


annexed to 3. Whence follows, 


— 


„ 
2 3* 12 2 


+ 10x? O 
— 

24 i 3 

5 15«* 75 

279 
388 
* „ 
6 aw. 
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Now in order to diſcover a Theorem, by which 
the Root of any Power may be extracted, you ate 
to obſerve as follows, | 


NoTE. 1. 
That the Denominator of the Fraction into which 


x is multiplied, is always leſs by Unity (or 1) than 


the Index of the given Power, and alſo that the Nu- 
merator of the faid Fraction is leſs by one than the 
Denominator. 

N OTE 2. 
That the Index of the Power of x by which 5 is 
divided, is always equal to the Namerator of the 


Nor: 


for 


FEY 
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NoTE 3. 


That the Co-efficient of the ſaid Power of x, is 
— by multiplying + the Index of the Sow 


ower into the ſaid Index leſs by 1. 
LasTLY. 


The Fraction into which xx is multiplied, is the 
Product of ; the Fraction annexed to x, and the 
whole numerical Fraction annexed to 5. 


EXAMPLE. 
Let the Theorem of the Y 5 be required, then 


by Note 1. 29 — 1 = 28 pation of 4. 
30 — I = 29 
And by Note 2 follows 
5 
x28 


By the third Note, 1 5 x 30 —1 2 435, theres» 
fore — —- And | 
435x** 
By the laſt Z x = 1. 
29 435 72675 


The Theorem then when compleated is 28 x + 
29 


— 1 
WL — bs Ay — — — — 10 7. 


435a**. 12615 * Again, 
Let the Theorem of , de required, 
Firſt, — == 2 * 


34h, 
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— o 
Jaly. 6 * 12 — 1 66, which compleated 


10 N r 
* —— R—Ṽ— — b 
Teh abt; res 


From a little Obſervation and Practice, Novitins, 
you may, from theſe Examples, improve yourlelf 
further in theſe Things. 

Nov. I could do it the better if you would pleaſe 
to work me a few Problems. | 

Phi. I will, and ſet a few for a Trial. 


Here follows ten PROBL EMS, ſhewing the 
Manner of compleating the Square and extracting the 
Roots thereof. 


PROBLEM I. 


There are three Numbers in + the Mean is q, 
and the Difference of the Extreams is 243 I de- 
mand the Numbers ? 


1 | x for the leſs Extreme 
2 | x +24 the Greater 
3 | xx+24x their Product (Q) 

4 | xx +24 x = 81 the U of the Means, 
Now x being found with the Co-efficient 24 
before it, you muſt firſt compleat the Square 
before you can tell the Value of x thus, take ; 
the Co- efficient, viz. 12, whoſe Square is 144, 
put it on both Sides of the Equation, then it 
ſ will be“ 

5 | *x+24x + 144 = 81 + 144 or 225. Then 

[x = 225 912. 15 — 144, biz. 12 = 3. 

Anſ. Leſs Number. | 
71x + 24 = 27 the Greater, 


PRoor 


N. B. I give this as one general Rule for all the other Examples, 


—ñ̃ —— ——Z E — — 


APPENDIX. 235 


PRO Oxę. 


3:9: : 27: 81 For 3 x 27 29 X 9 


PROBLEM II. 


A certain Number of young Rakes agreed to have 
an Evening's Frolick at a Country Fair, and went 
into an Inn or Tavern and eat and drank freely ; but 
upon calling for the Reckoning (which amounted juſt 
to 7 Pounds) 4 of them ſneaked away, by which 
Means thoſe left were obligedtopay 10s. a Piece more; 


I demand the Number at firſt, and the Number left. 


| 1 
N 


No at. firſt 
the Share of each 


* 0 


x — 4 thoſe left 


159 Share of thoſe left 
x —4. | 


| X-4 x 


I 50x — 600 


XxX 


150 — IOx# + 40 = 


» | 150# — 10 xx + 40 x = 150 x 600. Or 


| 


10 xx + 40 x = 600, That is = 10 

xx + 4 x = 60, Now C viz. compleating, 
the Square 

xx + 4x + 4 = bo + 4 = 64 

v * 64 + M7 = 10 the Number at firſh 

x — 4 | = 6 thoſe left, Or 


x = N — 4 4 = 6 thoſe left. 
PROOF. 


10 Perſons at 15s each = 1505s = £7 
6 Perſons at 25 5s each = 1505s = £7- 


PROB 
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PROBLEM III. 
What Number is that from whoſe Double 10 


being fubtracted the Square of the Remainder leſs x 
will be equal to 7 Times the ſaid Number ? 
| r | x for the Number 


* 


2 | x — 10 whoſe ff is 

3 | 4xx — 40x + 100. Then (Q.) 

4 | 4xx— 40x + 100 — 1 (or 99) = 7x. That is 

5 | 4xx— 47 x = —99 Then — 4 

6|xx11.75x = 2475 C or rather 

in this Caſe add the Square of 4 the Co- effi- 
cient of x to 11 .75 you will have 

7 | xx + 34 515625 x = 24 .75 viz. 

8 | x = V 34- 515625 the tue Difference, viz, 


| 
| | 9.765625. That is | 
9 K* 25 875 + 3-125 = 9 the Number. 
PROOF. | 
9 * 22 18 — 108 8. Now8 x864,—1 
is =03 =7 XQ9.. 
PROBLEM IV. 
A Executor to B finds among other Things a 


Promiſory joint Note of 174. due from C and D, 
and makes a demand of it; but C and D not being 
able directly to pay it, *twas agreed upon to take it, 
as follows, C was to pay every Day; and B was 
to pay 1/ the 1ſt Day, 2 the 2d, 3 the 3d, Cc. I 


demand in how long Time the Debt will be paid ? 


1 | x for the Days or Time | 
8 


0 


3 | = = to what B pays 


* 
2 
1141 


* 


S —— pg 0 — 
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+8 x = 174 


[xx + x 


* 2 
5 xx + x + 16x = 348 K C 
'6 | ax + 17x + 72.25 = 420 25 
7|x 4420.25 20.5 - 72.25 —8.5 = 
812 Days. So that A paid 96 and D 78g. 


PROBLEM V. 


There is a Field in the Form of 4,____ R 
a regular Parallelogram ABCD ; | PA | 
D 


the Length exceeds the Breadth by 

16 Rods or Perches, and it contains CL. 
960 Square Rods; I demand the Fig. 1. 
Length and Breadth of the Field ? 

} 1 | x for the Breadth 

2 |x + 16 _— 
3 | xx + 16 Are (Q.) 

4 | xx + 16 X =960 C oo | 

5 | xx + 16 x + 64 = 960 + 64 = 1024 
6 

7 


| 


x = / 1024 NV = 24 Breadth 
* + 16 = 40 Length 


PROBEEM VI, 


A certain Gentleman AB 
had in his Garden a A 
Fountain, in the Middle *.. 


| | Fi 
of which ſtands a Lion; N *.. /, ” 
Sol 


at unequal Diſtances © A 


from the Centre of the — 
Fountain he built two i). L =; os 


Towers A and B, whoſe | E 85 

Baſes De C are in an Horizontal Plane; or even 

with the Head of the Lion ate: The Height of 
| | the 
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the Temple A D is 57 Feet, and B C 76, and the 
Diſtance between them (viz. DC) is 114 Feet: Now 
the Head of the Lion (at #) is equi-diſtant from the 
Top of eacn Temple: I demand the Diſtance from 
the Lion to the Baſe of the Temples ? 


| x for the leaſt Diſtance e C, and let x De: 


nn + xx = jy per Figure 

5 + rr = 2rx + xx = yy per Figure 
mn = bb + rr —- 2rx 

nn + 2rx = bb + rr 

2rx = bb + rr un 


bb + rr un 4 
e 


| 114 — * = 68 7x 


Sum 114 


So that the Diſtance from the Lion at x, to the 


Temple C B, is 45 14 Feet, and from the Temple 
DA 682. Feet. | 


Here fallows a few more Dueſlions to exerciſe the 


ner. 


PROBLEM VII. Fig. 3. 
There is a Piece of 4 — OY |, 
| Ground AB C D in the , 
Form of a Parallelogram, the PLLA 
Length is three Times the 6. D 
Breadth : This Piece of Ground is deſigned for 2 
Gardens, the Length of the Kitchen-Garden C e is 
18 Rods, and the Content of the Flower. Garden 
DBeis x20; I demand the Length ang Breadth of 
the whole Ground. 

PROB- 


oo W OS 


A—— > — 


* 
———S 


— :—O II EP RO _—_ 
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PROBLEM VIII. 


There are two Lines A and B in ſuch Propor- 
tion that, the Double of the firſt (viz. A) with the 
Triple of the ſecond (B) will make bo; and double 
the Square of the Second with Triple the Square of 
the firit, will make 14 Times as much; I demand 
the Length of the Lines A and B. 


P.R.AOARLEMI1X. 


There is a certain Number conſiſting of 2 Figures, 
and it is equal to 4 Times the Sum of its Digits (v:z. 
the Sum of the 2 Figures) and if you add 18 to the 
Number, the Digits will be inverted, viz. the firſt 
Figure will ſtand laſt, and the Jaſt firſt; I demand 
the Number ? | | 


PROBLEM X. 


Thappen'd one Ev'ning with a Tinker to fit, 
I beſe Tongue ran a great deal too faſt for his Mit) 
He talt'd of his Art with abundance of Mettle; | 
Then I aſt'd him to make me a flat-bottom'd Kettle, 
The Top and the Bottom Diameter to be, 

In ſfuchjuſt Propirtion as five is to three: 
Twelve Inches the Depth (I propes'd) and no more, 
And to hold in Ale Gallons Sev'n * than a Score. 
He promis'd to do it, and forthwith to work went; 
But when he had done it, he found *twas too ſcant: 
He alter'd then; but too big he has made it; 

For tho it holds right, the Diameters fail it: 

Thus making it often too big and too little, 

The poor Tinker at laſt had quite ſpoil'd his Kettle; 
But be fwore that he'd bring his ſaid Purpoſe to paſs, 
Ur elſe he would ſpoil every Ounce of bis Braſs : 


* 


Now 
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New to keep him fre Ruin, I pray find him out 
e 


The Diameter's Length — For hell ne er det I doubt ! 

N. B. This Queſtion was ſent the Aur non about 
two Years ago; and you have the ſame Numbers 
with very little Alteration of the Words. 


Thus, Novitius, J hope you will be kind to young 
Tyre, and inſtruct him in all that lies in your een 
as J have been wanting in Nothing that might be of 
Service to you. * 

Nov. Sir, You may depend upon it; and permit 
me to aſk you but one Thing more, and I will 
trouble you no longer. 

Phi. What is that pray? 

Nov. Only to give me the Work of the different 
Content of a Piece of Timber or Stone in the Form 
of a Cylinder, and Parallelopiped, for ſome ſay there 
is no Difference at all. 

Phi. Tis a common Miſtake, but there is very 
near 53 Feet Difference, Novitius, the Content of 
the regular Parallelopiped being juſt 20 Feet, and 
the Cylinder 25 Feet 13. But pray, Nevitius, let 
me know the Reaſon of your aſking this Queſtion, 
for you ſeem to be very earneſt about it ? | 

Nev. To tell you the Truth then, Sir, there was 
ſome {ſmall Diſpute between two or three of us con- 
cerning it; but I could not make them ſenſible 
there is any Difference at all. 

Phi. But why did you not work them both by 
Figures, and that would have convinced them? 

Nov. I did, and make it the ſame as you do ; but 
they would not be ſatisfied with that, which occa- 
ſioned a ſmall Bet between us to be left to your 
Determination, e 433 


- | * Pls, 
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Phi. If you did the right Way ſurely they could 
not be ſo ignorant! Let me ſee the Method of your 
doing it ? 

Nov. Firſt for the ſquare Tree, that being 48 
Inches Circumference, conſequently has 12 Inches 
upon every Side, Now 12 multiplied by 12 makes 
144, the ſuperficial Content ; and this multiplied by 
20 the Length, 8 divided by 144 gives juſt 20 Feet 
the Content. 

Phi. Very right, and how did you proceed with 
the Cylinder ? | 

' Nov. A Cylinder having a Circle for its Baſe (and 
being 48 Inches Circumference) I find firſt the Dia- 
meter (48) to the Diameter (15. 2788 Inches). Then 
to find the ſuperficial Content at the End, I multipl 
Half the Diameter (viz. 7. 6394) by Half the Cir- 
cumference (viz. 24) and gives 183. 3456 Inches 
the Area at the End, This divided by 144 gives 
1. 27 32 Feet; and this multiplied by 20 the Length, 
gives 25.464 ſolid Feet, which is nearly 25 4 as you 
obſerved before. 

Phi. Very rightly performed ; and would not this 
fatisfy them do you ſay ? | 

| Nov. No indeed; they ſay all the calculated 
Tables in Timber- Meaſure prove the contrary : So 
as I obſerved before it is left to you to decide. | 

Phi. To oblige you, Novitius, I will ſhew you 
(by and by) a Method that will not fail to convince 
them. But-hrit I will tell you the Reaſon of this 
common Error ; for you muſt Note, you are not the 
only Perſon that have been Witneſs to this F olly. 
As to all the ſet Tables, they are calculated for ſquare 
ſided Timber only, according to Cuſtom (tor we 
are not to ſuppoſe every pretended Meaſurer a Geo- 
metrician) and in this the Pen and the Tables will 


agres 


238 APPENDIX, 


agree; and the Reaſon is this, they girt the Tree 
round, then take the fourth Part of that Circum- 
ference (vulgarly called the Girt by ſome) and mul- 
tiply it by itſelf, then by the Length of the Free; 
after which they divide it by 144, and it gives the 
Content in ſolid Feet; but then as I ſaid before, it 
is only for ſquare-ſided Timber that this Method 
holds good. For of all other ſhaped Timber the 
Content will be more or leſs as I ſhall demonftrate 
hereafter, that will not fail, I believe, to convince 

our Friends of their Error. | 

If indeed the Buyer and Seller agree according to 
a cuſtomary way of meaſuring any Thing, we have 
no buſineſs to meddle ; but when we are called upon 
to do Juſtice between both; we muſt then proceed 
according to the juſt Rules of Arithmetic ; which 
ought not in any Reſpect to give way to Things in- 
troduced meerly by prejudiced Ignorance which may 
very well be called the Nurſes of idle Cuſtom, as 
you may ſee in a Series of Inſtances beſides the Caſe 
before us. But to give one only, 

I have heard a great many pretended Meaſurers 
affirm ; that take a round Piece of Timber and let 
four Slabs be ſawn off it, and even then it will con- 
tain more ſolid Feet than it did before. The Arg- 
liſh of which is, if I give you two-pence out of a 
Shilling, I ſhall then have 144. in Hand. What 
Stupidity is here ! Again, in a ſquare Tree 48 Inches 
round, it is plain one Side-is but 12 Inches ; but in 
a round Tree that is 48 Inches Circumference, the 
Side of a Square equal thereto will be 13 5 Inches “, 
but the inſcribed Square will be on each Side but 
about 10 * Inches. | 

However, I ſhall leave Arithmetic and demon- 


Find the Area of the Circle, and extra# the ſquare Root thereef 
gives the Side of the Square egual to the Circle. ar 
; PO ſtrate 


lk 4 
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ſtrate it by one plain geometrical Figure only, which 

I never knew fail to convince this ſort of People; 
becauſe they can ſee the Reaſon of it directly upon 
looking at the Scheme. 


Demonſtration. 


As it has been proved that a Circle 48 Inches 
Circumference, is 15.2788 Diameter the Semi-dia- 
meter muſt be 7.6394. From any Scale of cqual 
Parts therefore take off with your Compaſſes 7.6 
Inches, and from C the Center, deſcribe the Circle 
A, A, A, 4, whoſe Circumference will then be 48, 
Then from the ſame Scale take off 12 and make this 


the Side of a Square, db 

then complete the — cif Viki, RFI, * 
Square B, B, B, B, ” * 
whoſe Perimeter will 4 3 


alſo he 48 Inches. 
Now ſuppoſing this ,f | _ ö 
Square to be laid A. — —_— 
upon the Circle, \ { 
does it not evi- L 


: * 


dently appear by . 5 
the Figure itſelf, 8 3 <p 
that the Area or . 
ſuperficial Content A 


of the Circle is larger than the Square : For tho? 
the Square hangs over the Circle at the Points, 
B, B, B, B, yet the 4 Areas or Segments of the 
Circle 4, A, A, A, are each of them larger th an the 
former. Conſequently therefore the Area of a 
Circle is larger than the Area of a Square, whoſe 
Perimeter is equal to the C'rcumference of the 
Circle; and if the ſuperficial Content be grea'er, it 
is out of Diſpute that the ſolid Content is alſo 
greater, | ; 


3 N 909. 


r — D * e * «a * 
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Nov. This is a plain Demonſtration indeed“ 

Phi. To be ſure it is much the eaſieſt Way : For 
fuch as are ignorant of the Square and Cube Root, 
only think you are impoſing upon them when you 


work ſuch Queſtions at large; but here they are 


convinced directly. 

Nov. They are ſo. 

Thi. From hence then it is evident, That a Circle 
is larger in Area than any other Figure having the 
ſame Circumference. And all Polygons ere nearer 
the Area of the Circle according to the Number of 
Sides; (as a Triangle, Square Pentagon, Hexagon, 
c. Sc. &c.) for the more the Sides the nearer the 
Circle, but they never can be quite ſo, for this Rea- 
ſon, becauſe a Curve Line is longer than a ſtraight 
one. Apaing 4 

You are to obſerve, that the Side of the inſcribed 
Square (in the aforeſaid Circle) will be 10.8 Inches, 
and its Content 16. 21224 Feet; and the Content 
of the circumſcribed Square, will be juſt the Double, 
vz. 32 .42448 Feet. The Content of the Triangle 
(48 I:iiches round) 15. 4 Feet. That of the Square 
juſt 20; that of the Hexagon 23 Feet. 

Nov. Dear Philemathes I heartily thank you. 

Phi. You are heartily welcome, only do you com- 
municate to Tyrunculus what I have ſhewn you; for 
if I fee you both diligent I intend (as ſoon as I have 
done with young Tyro in common Arithmetic) to 
inſtruct you in the Rudiments of Geagraphy and the 
Uſe of the Globes. In the mean time, Novitius, I 
bid you a hearty farewel, 

Nov. Sir, | am your obliged humble Servant. 
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